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What determine whethc^^ocial programs succeed or fail? What of the itate 
of. indiListnal r^earch^and development? How can we mitigate the perBonal 
^ anguish and societal Iq&^ due 4o doctoral unemployment and underem- 
ployipent? WHkt are the external and internal forces, that guide public 
faciliti^, such as electrical utiliti^ or public schTOl^tems? Can we And 
ways to deal more synoptically with environmental problems? How can we 
improve the management of large institutions^ be they organizations such bb 
the Veterans Administration or programs such as the federal government's 
efforts to knit together the disparate elements of climate r^^arch? What is 
the role of the National R^earch Couhcil in answering th^ puzzle? Are 
its repprts listened to? What effects do its reporte have? 



These are some of the i^ues treated in this third annual re^rt from the 
National Research CounciL 
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American society and the government of the Unit^ Stat^ have voracious 
appetite for "reports.-' Reports are engendered by eveiy agency of the 
exTOUtive branch of government, by the congr^ional hearing procMj by 
the CongreCTonal R^arch Service of the Library of Congr^, the General 
Acoeunting Office, the Office of Technolo^ A^»ment, and by innumera- 
ble entitle within the private sector of American society. So numerous are 
reports and so tbrtuousxls the cou^ of ^Hcy formation that rarely is it 
pc^ible to establish a direct causa and effect relationship betw^n a givcA 
report and subsequent public policy; th^ r^ponsible for policy formation 
must integrate numerous inputs and relevant experience m they arrive at 
decisions. Yet, some reports do elicit an early, positive r^ponse, vi^hile others 
seem to go alm^t ignored. / 

It is sometime difficult to ascefiain w^Sh asp^t of a given report 
accounts for the warmth of its reception. Clarity of language, sharpn^ of 
analysis, and the logical force of conclusions and recommendations are 
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w^mly importmnti wmetto^ oidcal, TTia reputadoni of authan cm 
^ve a report ad^tional fmm. And^^^woidd Uke to bdi^ ffic 

^ repuuii^n of the Nadoiial R^^rch Q^undl for dbjectikty, ab^oe of bii^j 
amUytiol depth, and adherence 'to ^tablish^ insututional^^^pceduri^ 
pr^d^ a special ^chet A report addr^ied to a i^dmical mibjeet, no 
matter how well drawn, can be tmplCTaented only 'imhe r^i^g j^rracy 
has a stair that is able to appr^ate die anal)^ qffmd and is prepared to 
act acc^idingly. But perha^ the ^rdin^ attiibute of die "mcc^ul" 
report is felicitous tinung. Sven a relatively^i^ocHrly prepared r^rt that is^ 

^ pla^ in the^public domain at the right hi^ric moment^ when, in some 

• seme, the sfage hi^ iibmd^ been set, can iM^imonally flrid Imme^ate 
acwptan^^ and initiate evente of historit importance, Conver^j^, an 
excellent report released into an unprepu^ environment, when the tim^ 
are not proprtious, is unlikely to alter the course of hun& i^^^. 
Rerardl^ of how rampelling its case, if too far in advance of i^ time, it 
majy seem to have no im^ct. Qnly later mil the report be r^x^^ized to 
have bttn part of the stage-setting proc«* 

The National R^arch Council, w^h i^^ about one report per 
working day^ U a prindpal contributor to the sti«am of report directed at 
the jnyriad aspects of public poli^ and \ program formuladon. An NRC 
report may take the fofm of the proceedihp of a symposiun), a letter to a 
sponsoring agency, or a formal report by the project oommittee, often 
aocompanied by supporting documents submitt^ to that committee by its 
r^urce grou^. Each re^rt summarize the relevant data that have been 
analyzed by.4^ cemmittee and prints the committee's flhdinp and 
conclusions. - ^ 

Much of the work of the NRC consilte of the preparadon of 
authoritative treatises on technical stibjects, documents that eschew 
recommendations for public policy or progra^, They include, for example, ^ 
the periodic summaries of recommended daily nutritional allowances, a 
^nm on the nutritional requirements of dom^tic aninxals, critical 
dc^umentation ^f the medical and biological effects of environmental 
poUutantj, reports of the Committee on^^ine Spectra, an exhaustive 

• treatment of the inflammability of polymeric materials, and^ a veritable • 
library CQncerned with all assets of highway constmction. All become p&K 
of the technical literature and find appropriatejiK. Such reports, lacking 
policy recommendations and conflried to summari^ and analyse of 
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id^tiflb data piay^ nev^Ui^^, inform feurrent dcfeate^and iUi 
ronti^veisial 'iMu^» But t^kig their cOntributiOT national policy 
fommdon is a difflmUt and complex tai» - , ^t^" 

'Howler, other itoortf'bf th* NRC do mntiw explicit iwjBfmiend^- 
dons iffteting public p^ci^ and progrMns. for th», it |s readily feasible 
to asceitain whether apeciflc recommendations have been mocapt^ and - 
implemented. ^ - 

Inasnuch as the principal cont^^on to the work of the NRC as the 
volunt^y effort of the thousands^f public spirited individuals who serve on 
NRC committer, it Bmrm appropriate occasiotoally.M ap^aise the extent to 
which r^ommendatiom mibodied in NRC repc^ haw found acoe^tuca 
Jnlpreparadon for this Annual Report^ luch an appraiml was attempted 

, with rApect to those recofflimendations deem^ by the exemtiye dirtttori of 
the comnussions and astembli^ of the NRC and the executive officer of the 
Institute ©f M^cine to have been among the most important embodied in 
rfeports issued during»1976 and early 1977. Not unexpectedlys perhaps, the 
appraisal has^elded all po^ible outcome. Some recommtndadons fotmd 
immediate acceptance ''and are now viable in programs conducted by 
feAraf agenci^. A feW reports and recommendations^ have been nusifiter- 
prit^ or misMBcd, Others are still in flux or contention. It ii hoped that the 
latter analyses and recommendations -are finding their way into the 
thinking proc^^ of flic^ endharged with the formation of public policy. 
As the summary beiow will' indicate, remarkably few NRC reports have 
'simpl^been ignored- 

Reports tpm tile nrq fall within Ave broad albeit werlapping 
categoric: the strenjth and progr^ of the American scientific endeavor; 
appraisal of new technologic; the scieritiflc bisis for the re^latoiy 
functions of g0sremmeat>^ organization and management of technically 
oriented government agencies; and broad ApmtB of general public /policy . 
^lite frequently,; studio in the^ first category e initiated within the 
Rational Research CpunciL Studio uridertaken in the next tffre^ categoric 
j4re usually responsive to requcja from government, while studic in the 

ffinal category have/arisen by both modc^ecojnmendations addr^^ to 
public policy, to the con.duct of speciflc programs, or to the need for stifle 
decisions may be found in reports in all five categoric. However, the 
frequency of "succ^," here measured only in tenm of explicit acceptance 
of formally sfat^d recommendations, is not the same in all categbries. The 
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purpose of what follows is to gain some ^ense' of the -^succe^s" rate and ^mc 
appreciation of Ae factors that appear t© have made for Acceptance or 
rejection of recommendations in NRC^^repor^^. This^apprai^lj therefore, is 
/ ^\ not ottly a report to our readers, cortmjtte^, and staflf; it is also a self- 

\ ^waininatioft. Althpugh the summaries presented'may sftem to be merely the 

- - rav^^^^ for calculating our "battihg av^rage/'.they should ilso enable us 

^ ^ better to unde^^tand v^at thelffiC mechanism does well or badly' and the 

degree to which NRC provides national leadership. They may also enable^ 
one to gather a sense of the' extent to which the NRC ife sensiti^ and Has 
given adequate consideration to^ the specific problems and ipternal 
constraints of the individual federal agenda. ^ 

SOME RECENT RECOMMENDATIONS THAT HAVE FOUND 
ACCEPTANCE -. ^ ^ \ 

Concemmg t/u Strength of Science 

A panel of the Solid State Sciences Committep, noting particularly 
promising applications of synchrotron radiation^ to X-ray diffractionjj 
photoelectron spectroscopy^ and photo ateorption studies in the wavelength 
range from ultraviolet to X-rays, urged commitment of new dedicated 
faciliti^ for the production of synchrotron radiation. In direct r^ponse, 
|overnment funding was provided to substantially upgrade the synchrotron 
faciliti^ at Stanford University aiid the University of Wisconsin, and funds 
were allocated by the Department of Energy Mr the construction of a new 
Synchrotron Radiation Center at the Brookhaven Nadonal Laboratory, 
' Successive re^rts by the Space Science Board |ave high priority to the 
construction of a large space telescope, a 2.4-meter optical instrument to be 
erected by the use of the Space Shutde in 1983-84. Inidal funding for this 
instrument was provided by Congr^ in the FY 1978 budget. Thereafter, 
NASA requested the NRC, through the Space Science Board, to recommend 
appropriate institutional arrangements to assure optimum scientific use of 
this telescope. An ad hoc panel of that board recommended an institute to be 
operated by a consortium of universities and nonprofit institutions and 
offered details of the of^ration of such an arrangement. Pr^umably, ^ 
implementation or rejection of this proposal will Ix- made known well 
before the telescope is operational. . - 
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The Plai^ning Committee Iot a National Re$o«Tce for Computation in 
Chemistry identified mijor computational ^problems in such fields as 
chemical kinetics, quantum chemisjuy, <and . statistical mechanias. An 
institutional arrangement was proposed whereBy a significant fraction of 
the time of an already availaSlej large computer might be dedicated to such 
elfibrtSj along with expert staff to assist chemists, with their cdmputational 
.needs, their FY 1978 budgets^ the Nationa^Science Fyiindation and the 
Department of ^riergy provided for joint si^port'of the National* Resource 
for ComputatiQU in Chemistryf It hag now been Established at the liawrence 
Berkeley, Laboratory of the University^of California. 

, A joint committee of the Geophysics Research 9oard and of^e Space 
. Science Board asse^d past u|es and thi^ hi ture" potential of ballodns for 
•kstronorriical and^gfeophy^ic^il Aservatiohs/They'e^ncluded that, depend- 
ing on the fierd, "the balloon complements other alternatives, has distinct 
adv^antages, or is a unique tool. The rbport recommended augmentation of 
the current balloon program and efforts to develop tech*niqu^ for longer 
..flights. The Advisory fcommittee of Scierltific User| of the Ballooning 
Facility (at Palatine, Texas) has acoepted and is no^ seeking to implement 
these recbmmendatibns, provided NSF and perhaps NASA augment the 
budget of this facility. 

A panel of the Geophysics Research Board forcefully drew attention to 
the po^ible climatic consequences of a build-up of cartxjn dioxide in the 
atrhosphere, consequent upon continuing combustion of fc^il fuels, 
particularly coaL This report attracted instant worldwide attention; plans 
are now developing for national and international arrangements to monitor 
th^ atmosphere and correlate change in CO2 concentration with diverse 
other aspects of the earth's surface. 

A coordinating committee worked with the NASA staff to formulate the 
specific progran^ elements of the NASA Program, of Climate Studies. The 
committee's report urged the utility of categorizing climatic change by 
those events that occur within weeks of some stimuluSj those that proceed on 
a time scale b^t measured in ye^rSj and those that occur over many 
decades; each category involves different physical processes and must te 
examinfed by different observational strategies. This formulation was 
adopted by the NASA staff and has been made explicit in the planning of the 
NAS^climate program. 

The limitations of current methodology for earthquake prediction were 
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summarized in a report by the Committee^ on Seisniolpgyj which prop^d 
ways to facilitate progress toward the uhimate goal of routine announce- 
ments of rehable predictions. This report, which was summarized before the 
House Committee on Science and Technology, helped, in' significant 
measure, to set the stage for t^e "Earthquake Hazards Reduction Act of 
1977/' which authorized up 4o 856^ millpn per year for the support of 
relevant research by the U.S. Geological Survey and the NSF. 

The report on world food ^n^ nutrition offered a set bf recommenda- 
^ tions , concerning the substance and conduct of r^arch on the most 
in^rtant factors now constraining increased production of world crops. 
Th^ included the inauguration at the U.S. Department of Agriculture of a 
competitive research grants program in support of fundamental biological 
research related ,to agriculture. These recommendations were warmly 
accepted by the USDA; the Food and Agriculture Act of 1977 strengthened 
the mandate of the department for the conduct of r^archj increased the 
level of funding for that program, established a competitive research grants 
program open to all applicants, an^^'^tablished grants and fellowships for 
education in agricultural science, "^Vddidort, that report offered an 
integrated set of recpmmendations forVgniflcant ntew nutritional r^arch 
programs that focus on problems import^^^the less-developed nations as 
well as to the United States. The Food and i%riculture Act of 1977 also 
mandated a much enlarged nutritional research program by the usDA and 
the conduct of international collaborative r^arch and development 
directed at the problems of the less-developed nations. The USDA has 
discussed this report with state agricultural r^earch leaders, who have 
accepted the research priorities stated in the report, and has created a new 
organization to manage the competitive research grants program. The 
Agency for International Development is using the report as the basis for its 
various activiti^ in support of international nutritional endeavors and the 
White House has been using the report for planning new initiative with 
regard to the nutrition of the American people. 

The Ocean Policy Committee presented to the American Ambassador 
to the U.N. Law of the Sea negotiations a set of recommendations with 
respect to treaty provisions concerning scientific research in the oceans, 
which formed the American posture at the Law of the Sea negotiatipns. 
Regrettably, the current text of the tentative Law of the Sea Treaty 
remains far from acceptable to most of the relevant American sciendfic 
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community. But the situation wbuld have been decidedly worse if American 
occanographers had not had the opportunity to make their views known 
through the NRC channel. ^ 

At the request of the President's Science Advisor, an ad hoc committee 
completed, within sixty days, a thorough review of progre^ under the US-^ 
USSR Agreement on CTOperation in Science and Technology. Their report 
recommended procedures for initiating^ evalpating, and terminating joint , 
research projects; approaches to normalizing .financial support for projects 
under the agreement; strengthening of an operating staff for management 
of the program; and the need for an evaluation of overall US-USSR technical 
copperation under all current agreements. Tli^ recommendations were 
essentially accepted tn toto by the U.S. members of the us-USSR Joint = 
Commission on Cooperation in«Science and/ Technology and guided them ^ 
in their negotiations with their Soviet counterparts shortly thereafler; 

Concerning Technology 

An ad hoc committee reviewed the testing and evaluation program proposed ^ 
by the Army Corps of Engineers for a pilot estuary water-treatment plant. 
The committee coqcluded that the corps had planned more expfriments on 
various ^featmentV^mponent cohflgurations than could adequately be 
conducted during the allotted time and that the test series would therefore 
not prove^ successful. It indicated also that insufficient thought had bein 
given to the coniposition of the raw wajer to 1^ treated in thp experimental 
plant and that ^ans wjere inadequate for testing of the finished product. In 
response, the corps is revisin^^its testing program and v^ll resubmit new 
plans to the committee for review. 

A separate committee, at the request ol the Corps of Engineers, 
reviewed a study of the water supply to the metropolitan Washington area. 
The committee concluded that the plan tTOk insufficient account of 
y measures for conservation of water and reduction of demand, of environ^ 
^ mental impacts, of water quality characteristics^ and of public health 
implications of the various alternatives that had been considered; moreover, 
the report had not given adequate consideration to institutions for 
managing regional water supply. The corps has accepted' the committee's 
conclusions and assured the committee that the deficienci^ will bd 
remedied. 

\ 



1 




NATIONAL RESEARCH COUNCIL 



To stimulate the development of electric and hybrid motor vehicl^j 
.the Congress directed the Energy Research and DevelopmencAAniniltra- 
tion (now absorbed into the Department of Energy) to purchase several 
'^^ thousand ''state of the art'' vehicles in 1978 and advanced vehicles in 1981^ 

-critical to the performance of such vehicles will be the avail^ility of 
fimproved energy storage systems. In a study commissioned by^^RDA, a 
panel of the Committee on Advanced Energy Storage Systems reported that 
there is no likelihood that this schedule can be met and suggested that 
readjusting the tifning by one or preferably^two years would signiflcandy 
enhance the prospect of meeting the objectivesbf the Electric and Hybrid 
Vehicle Research, Development and Demonitrat^BHAct of 1976 (Public 
Law 94- 413), The report of a concurrent sLud/ at Purdue Univers^^, of the - 
entire spectrum of opportunities and risks^ mvolved in implementing the 
'program mandated by that ac^^ incorporated in its entirety the mi of 
conclusions of the NRC study. The Plouse of Representatives received th^ 
reports at hearings on the act in the fall of 1977; Congr^ subsequently- 
revised the act and authorized a schedule of demonstrations through ISBT, 
in accord with the recommendation of the NRC committee. 

At the request of AID^ a panel of the Food and Nutri^on Board 
^ recommended a simplified methodology for use in developing countri^ for 
the detern/mation of the feed intake of infants up to thirty monttis of age. 
This survey protocol has been tested in Guatemala and Pakistan, and 
further tests are now planned in Cameroon, Sierra Leone, Haiti^ and* 
perhaps, in Egypt and Mexico. 

At the request of the Bureau of Radiological Health of the Food and 
Drug Administration, an ad hoc committee reviewed the use of ionizing 
radiation for the treatment of diseases other than malignant cancer. The 
^report set out guidelines for employing ionizing radiation w^ith respect to 
y the necessity for such use, "the character of the radiation, the total dme; the 
time over which radiation k administered^ the organs underlying the 
radiated area, and shielding precautions. The Bureau of ^adiolo^cal 
Health published this report and distributed it widely am^ng relevant 
medical speciali:^ts, particularly dermatologists and radiologists. The 
bureau sent copies to the Radiological Health Program Officers in all fifty 
states and is currently considering using the report as the basis for 
establishing federal guidelines in these regards. 

Two reports <have been prepared by NRC committees concerning the 
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potential of^the jojoba bean indigenous to the American Southwest, 
Cultivation m this bean would provide employment and irtcome for the 
Indians of this region and, by virtue of the remarkable similarity of the oil 
of this bean to sperm whale oii^will enable it to substitute for whale oil for 
use as a high-prfessure lubricant. This proposal is being adopted and 
increilsingly extensive plarttings are now under cultivation, (The article by 
Roger Reveile has more details ouijojoba and other potentially useful 
plants.) 

At the request of the Agency for International Development^ a panel of 
the Committee on International Nutrition Programs of the Food and 
Nutrition Board studied the occurrence of vitamin A deficiency in 
developing nations. The panel recommended that, in regions 'where 
xerophthalmialtself is known to be endemic, prophylactic administration of 
vitamin A be initiated upon evidence of low intake and blood levels of 
vitamin A, independent of clinical symptoms pf deficiency. The program* 
should' undertaken with suitable controls so that any benefits can be 
accurately estimated. ail5 is currently planning field trials of such a regime 
in cooperation vsrith the governments of several developing nations. 

' The Advisory Board on Military Personnel and Supplies, which has 
done much to upgrade food service for the Army; provided a set of 
recommendations for studying and improving the feeding system, for the 
crews 6f aircraft carriers. ..Under way on the USS Saratoga is a large 
experiment with improved processing equipmetit for food preparation and 
expansion of the use of '-convenience food commodities'' to reduce problems 
of storage, sorting, measuring, and mixing space. The major novelty is 
adaptation of the techniques and equipment utilized by commercial ''f^t- 
food" establishments. It is expected that this will both improve the morale 
of the crew and result much more efficient and expeditious food service. 

Concerning Ckwemmmtal Regiilatb^ Acttvities j ] 

A report by the Comrnittt^e on Irnp&ms of Stratospheric Change concluded 
that significant deterioration of the ozone layer will eventually occur if 
halocarbons continue to released at their present rate^ thereby 
permitting an increased flux of ultraviolet radiation on the earth's surface, 
which, in turn, would result in an increased incidence of skin cancer and 
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perhaps other biological damage, as well as the possibility of und^irable 
climatic effeGts. (The cornmittee. has sub^quently reported that the 
magnitude of this effect of halocarbons had probably been under^timated 
by a facifar of two.) The eommittee noted that "selective regulations of 
halocarbon use and release is alrnc^t certain to be nectary at some time 
and to some degree of completeness. Neither the timing nor the severity can 
reasonably Hbe specified today, , , , Measujement programs now under 
way promise to reduce the uncertainties in th^ calculations quite 
considerably in the near future. Following issuance of this report, the EPAj 
the FDA, and the'^^onsumer Products Safety Commi^ion enactwl labeling 
regulations and proposed a ban on the U3e ©f halocarbons as aerosol 
propellants, Theredfler, the Congr^, in an aniendment to the Clean Air 
Act, called on the Administrator of epa '*to contrac| with the National 
Academy of Sciences to study the state of knowledge and the adequacy of 
research efforts to understand (a) the effects of all su^tanc^ practice^, 
processes and activities which may affect the strat^phere, specially ozone 
in the stratosphere; (b) the health a^d welfare effects of modiflc^t^ns of the 
stratosphere; and (c) methods of control of such sultetanc^j practice and 
activities/' This effort is under way. 

Over the course of a year, a committee of the Assembly of Behavioral 
and Social Sciences i^ued seve^l reports offering recommendations 
designed to improve the quality of the survey of community reactions to the 
Concorde Supersonic Trans^rt during its trial at Dulles Airport. AJm^t 
all of the committee's recommendations were adopted by the Federal 
Aviation Afeipcy and its survey contractor; the FAA also requited the 
committee to plan and analyze a similar survey at Kennedy Airport, 

A report on the future of the National Highway Safety Program by the 
Transportation R^arch Board provided recommendations concerning the 
need for, and extent of, safety standards, financial incentive and sanctions, 
and the roles of federal, state, and local authorities in the management of 
sugh programs. Many of these reconimendations were incorporated in the 
last annual report to the Congrms by the U.S. Department of Transporta^ 
tion. 

A ten-year effort under the auspices of the Transportation R^arch 
Board developed a d^ign guide for use by engineers in attempting noise 
reduction under a variety of traflRc and environmental conditions. A 
computer program for use with the guide was also offered as a- tool for field 
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evaldation of noise reduction measures. This program has now been used 
jextensively in the United States and bfd^ also been adopted for use in 
Denmark, Switzerland, Canada, and Puerto Rico. 

Much of the work of the Commission on Natural Resources for two 
years was devoted to a seri^ of studies of decision making in the 
Environmental Protection Agency. From these studio emerged a series of 
reports with, numerous recommendations of varying degrees of signiflcance. 
Perhaps the most important tji^st of the overview report is recognition of 
the extent to which the efforts of EPA are unduly hampered and 
complicated by the patchwork ,of legislation that constitute its various 
authorizations. A strong case is made for a compr^ensive act em^wering 
Ihe agency to deal with protection of the environment, recognizing the 
interrelationships among air, water, and land as sinks and transport media 
for pdllijtants. The conimittee-emphasized^n v^^ing ways, that epa's 
decisions concerning standards and regulations should in all cas^ be 
supported by analyses that explicitly state the objectives of the d^isions, 
identify feasible alternatives, evaluate the consequences of alternative 
decisions, and indicate the degree of uncertainty that ittends such decision 
making. Such analyses should be made available to the public each time a 
decision is announced. The actual feasibility of such a course will become 
evident only after it has been attempted, (In fact, at the requet of EPAj the 
commission,, through its Environmental Studies Board, is preparing 
prototype analyses of three pesticide on which reregulatory decisions are to 
be made, using the principles of explicit analysis.) The report also calls for 
thorough^view of the scientific and technical data used in arriving at each 
decision. And EPA is urged to avail itself of panels of external experts for the 
conduct of such reviews. The Administrator of EPA has respondedj "... I 
asked ;my Assistant Administrators to assess the specific recommenda- 
tions. . . , As a result of this effort I have concluded that the vast majority 
of the recommendations made by the Academy are within our policy goals. 
To implement them would improve our decision making, , . This effort 
by the Agency to respond to these recommendations is an effort I take very ' 
seriously, , , , On the whole I telieve your recommendations are construc- 
tive and I hope we will be able to implement many of them within the 
year. . , . " 

A report of the Building Research Advisory Board recommended to 
the Federal Insurance Administration of the Ekpartmerjt of Housing and 
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Ur^an Development a method for estimating the wave crest elevation 
a^ociafefl with storm surges crowing the open coast on shores of bays and 
-estuari^ on the ^tlantic and Gulf coasts. Prelipiinary itidications sugg^t 
that this^ecommehdation will he adopted by the FIA, If so, this calculated 
elevation- will become the elevation stipulated) with r^pct to community 
building and land use regulations as the minimum elevation of the first 
habitable floor of new construction. It will profoundly affect the insurance 
status of those who ^o not meet this standard, as well as the value of land 
still available for future construction along the coasts. 

As authorized under the provisions of the Federal Environmental 
Pesticide Control Act of 1972, the Chief Administrative Law Judge of the 
EPA submitted several questions^ scientific fact concerning the pc^ible 
^arcinpgenicity of the pesticides chlordane and heptachlor. The Pesticide ' 
Information Review and Evaluation Committee reviewed several thousand ' 
" histopathologifcal slides, as .well, as all of the available data in the literature 
Concerning the effects of these two compounds in rats and mice. The 
committee concluded that, at the up^r range of Experimental d^age that 
.had been studied, both compounds were carcinogenic in several strains of 
mice, but not in rats. The committee stated that, in the absence of other 
information^ it must be presumed that these compounds may be potential 
carcinogens in hurnans. The committee made no quantitative projection of 
risk. No recommendation was offered concerning the specific decision to be 
made by the Administrative Law Judge, However, the committee's analysis 
becomes part of the hearing record and one of the primary bases for his * 
action. ^ ' 

As mandated under the Safe Thinking Water Act of 1974, an ad hoc 
Safe Drinking Water Committee reviewed the biological effects of a very 
large number of known potential contaminants of drinking water and,' 
where available data permitted, offered ^fety guideline^^ for various 
radioactive, particulate, microbiological, organic, and other contaminants. 
The EPA is currently using these recommendations as a basis for establishing' 
t standards in promulgating regulations concerning permissible levels of 

diverse substances in drinking water. In turn, this may have substantial 
financial impact in those cities that will be required to re-engineer their 
vyater- treatment plants. 

The National Resources Defense Cbuncil had petitioned the EPA to 
increase, markedly, the stringency of regulations with respect to exposure to 
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alpha-emitting particulate matter. At the request of the EPA, a panel of the 
Advisory Comniittee on the Biological Effects of Ionizing Radiation 
reviewed the data relevant to the contention that there is a special "hot 
particle" effect of alpha -emitters, which significantly increases the 
carcinogenicity of such materials as compared with previous calculations. 
The panel concluded that the NRDC had overestimated the risk associated 
with each particle by at least two orders of magnitude, that the cancer 
hazard from insoluble particulate plutoniunr depc^ited in the lungs is not 
much greater than would be caused by the same quantity of radioactivity 
distributed ^ore uniformly, and that the available evidence suggests that 
the carcinogenic response is a function of the amount of radioactivity in the 
lung rather than of its distribution. The EPA published this report and 
rejected the petition of the.NRDCt which, in f«rn, indicated that it would 
take (lo further steps to petition for an increase in the stringenc'y of 
radiation guides for alpha particle emitters, ^ 

The Advisory Committee on the Bicjogical Effects of Ionizing / 
Radiation has also reported to the EPA i% set of recommendations concerning 
appr9aches to the conduct of health benefit-cost analysis with respect to 
activities involving exposure to ionizing radiation. The EPA published this 
report and has used it in developing guidelines for the conduct of benefit— 
cost analyses. The report has also been reviewed in various scientific " 
journals and has widely been considered to be a major contribution to the y ^ ^ 
development of this form of analysis. 

Having detected diisopropylmethylphosphonate and dicyclopenta- 
diene in groundwater in the vicinity of the R^ky Mountain arsenal, as a 
result of the disposal of these compounds in dry unlined basins during the 
period 1944=55^ the Army requested the Committee on Military Environ- 
mental Research to consider an appropriate bourse of action. The 
committee concurred in temporary. guidelines for the permi^ible concen- 
tration of these substances in food and water for human consumption. The 
guidelines were accepted by the U.S, Army Medical R&D Command and 
transmitted to the Army Material Development and Readiness Command?., l'^* 
The latter now is considering methods of ensuring that ofi=post concentra- 
tions do not exceed those permitted in the guidelines. The guidelines were 
based on acute and subacute toxicological studies. Chronic toxicological 
studies, currently under way^ may permit the development of ^rmanent 
standards with respect to these compcmnds. 
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Comemmg tf^ Mamgemmt and Programs of Federal Armeies 

The Board on Agriculture and Renewable R^ources recommended to the 
Secretary of Agriculture a set of criteria for an advisory committee to 
provide scientific advice cpncerning the management of the national for^ts. 
The recommendation was accepted by the Secretary, who also appointed to ^ 
this committee many of those recon^^nded to him by the boardf ^ 

In the wake of the Teton D^m disaster of June^l976, the Secretary of 
the Interior requested the NRC to review the Dam Safety Program of the 
Bureau of Reclamation, An ad hoc conmiitte6 of the ' A^mbly of 
Engin^ring noted that, in contrast to what is neededj r^ponsibility for 
dam safety was scattered through the agency and not coordinated in 
* single office. The report directed attention to the inadequate state df 
emergency preparedn^ at all existing dams and urged immediate 
correction. It indicated that risk analysis is not an element of the safety ^ 
program, and suggested that major dams be ranked in the order of their 
hazard potential and the probability of failure. The Commi^ioner of 
Reclamation has taken steps to correct the first of two of Hh^ and 
consideration of the third is under way. It should be noted, however^ that 
these were not novel suggestions, each having been made before, both 
within the agenpy and by external bodies. 

In the report of the largest single study ever attempted within the 
National Research Council, the Coriimittee on Health Gaye R^urc« in 
the Veterans Administration r^ponded to the charge of the Veterans 
Health Care ^jlteinsion Act of 1973 (Public Law 93-82) to provide a basis , 
for allocation of manpower and resources to maintain a high level of patient 
care in the VA hospital system. The resultant report provided thirty-seven 
explicit recommendations, of which twenty- three were adopted by the VA 
Administrator for immediate implementation. Two hearinp were held by 
the House "Committee on Veterans Affairs and six hearinp by the Senate 
Committee on Veterans Affairs to explore the report and suh^ts of its 
I ft recommendations. The most far=reaching recommendation was that 

. . . VA polici^ and programs should be deigned to permit the VA 
system ultimately to be phased into the general delivery of health service in 
conmiunities acro^ the country.'* An experimental approach to iaiplemen' 
tation of this recommendation was d^ribed. This recommendation 
derived from examination of the patient population of VA h^pitals, eighty 
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percent of whom are admitfed for reasons unrelated to military service and 
to the fact that, in the offings art thirteen and a half million veterans of 
World War 11 with a mean age of flfty-seven yeai^j l^rge numbers of whom 
may be expected to ^ek admission to va h^pitals in coming years. 
However, this recommendation was deemed unacceptable to the^ House 
Committee on Veterans Affaii^ and to the Administrator of the VA, 
Re§J^rdiess of the outcome, public debate)will have been well informedj 
paying trfway for what must te^ ultimatel^^ a political decision in the b^t 
sense of that term, (Frank Putnam's article in this report provide further 
details on the gen^is and some of the results of the VA study.) 

A panel of the Committee on Research on Law Enforcement and 
Criminal Justice, concluding that the empirical evidence a^mbled to date 
do^ not warrant a clear conclu^on ^regarding the magnitude of the 
deterrent effect of criminal sanctions, recommended to the Law Enforce- 
ment Assistance Administration an agenda for research on the subject of 
'deterrence and incapacitation. This agenda has been used to guide the 
r^arch program of the National Institute of Law Enforcement and 
Criminal Justice of the leaa for the current year. The committee also 
reviewed the previous r^arch program of that institute and concluded that 
it has been of inadequate quality. That program concentrated .on 
improving the operation of the criminal justice system, giving litUe 
attention to approaches to reducing the crime rate. Believing that high- 
quality fundamental r^arch is unlikely to be supported within the 
framework of the LEaa, which as a minion agency is under constant 
pre^ure to meet immediate goals, the report calls for reconstitution of the 
institute as an independent r^arch agency within the Department ©f 
Justice, rather than within LEaa, The report formed the basis of extensive 
congr^ional hearings on the future of the Law Enforcement A^istance 
Administration and received widespread attention. Although n^o decision on 
the future of the institute has been made, there are indicauons that the 
committee's major recommendations will be adopted in |ome form. 

After surveying the work of the National Institute for Education j the 
Conmiittee on Fundamental R^arch Relevant to Educatiop recommend- 
ed a substantial increase in the proportion of NIE fuijtis devoted to 
fundamental r^earch on cognition and the learning proc^. On the basis of 
this reconmiendation, the NlE council resolved that the fraction of NIE . 
resources devoted to fundamental r^arch be increased from about four 



percent to twenty percent. This recommendation, expliciily "atlribufed to 
the committee, has been incorporated in a draft proposal%for national 
V^ducation policy by the Assistant Secretary fc^ Education of hewk 

^ The Committee on Substance Abuse and Habitual Behavior conclud- 
ed that " , .1. study of commonalities m the use of foods and dru^ is a 
powerful appro^h for developing further theoretical and ^plie^^owl-i 
edge of the processej 6f hkbitual substance abuse." The ^^cific r^earch 
agenda developed by the committee has b^n accepted by the National 
I/istitute on Drug Abuse and is to form the basis of a substantial portion o/ 
the agency's research funding eflTort for the next several years. , * 

In a report concernmg atmosjpMeric and oceanic r^arch anrf 
development in the National Oceanic and Atmospheric Admlnistrdtionj* 
panels of thf Committee on Atmospheric Sciertces and of the Ocean 
Jciences Board asse^ed the quality, management^ and conterU of the 
' programs of seventeen atmospheric and thirty oceanic raBoratori^ of NOAA, 
In general, the quality of these programs and the scientific productivity ^ 
the laboratories was found to be rather good. But the panels were concerned 
about lack of communication among the laboratori^ and between NOAA 
laboratories and the academic community. Recommendations/tQ alleviate 
these problems were offered to the Administrator of NOAA, who lOok prompt 
action to correct them. The Administrator also indicated that the studies 
had been exceedingly helpful to the entire organization and that virtually 
all recommendations had been accepted and implemented. 

A report from the Transportation Research Board on social, economic, 
and environmental consequences of not constructing a transportation 
facility provided guidelines for assisting trans^rtation planners. These 
have been jdopted " by the state of Oregon and are currently under 
evaluation by the departments of transportation of eight other sSes and by 
the Urban Mass Transportation Administration of the U.S. Department of 
Trans^>ortation. / 
The report of a workshop on rail research needs sponsored by the 
Transportation Research Board, together with the American A^ociation of 
Railroads and the Federal Railroad Administration, presented a set of 
priorities for research to upgrade the quality of the American railroad 
system. Although this has had little obvious impact in the Department of 
Trans^rtation, both of the cooperating organizations have included 
various 'specific recommendations in their own a&D programs for the next 
two years. ' 



' The Trans^rtation Research Board periodically revise its document 
entitled Synthesis of Existing Information Related If Highway Problems) Tft^ latest 
edition has contributed substantially to informing the decisions of state, 
transportation authorities with r^pect to the use of studded tirej, ^ 
bituminous emulsions for jbighway* construction, materials recyclings and 
equipment managementV Earlier editions were translated into Portuguese 
and Spanish^ and a Ja^anfcse translation of the cu^ent volurfie is in process. . 

A panel of the Transportation Research Boardf rendered a report to 
the Fedfec^yhighway Adftiinist ration recoituTiending five categories' oL 
neS3qd research related to safety and operations on niral two-lane roads^ 
The recommendation? were^well received artd were used ifi^ructuring the * 
future^-researcfr program of that agency, 

^The Ship Research Committee, of the Maritime Transportatib» 
Research Board ^^eveJoped a five-year plan for researo^ on ship structures / 
in addition to p^pDsing a specific program for FY 1978. This prograiti was 
adopted as a basis of tht contract research project program administered by 
the U,S. Coast Guard. * C 

- A Committee on the Evaluation of Employment and Training 
Programs identified three major problems with respect to the operation of 
the Comprehensive Employment and Training Act (CETa): an upward shift 
in the socioeconomic status of persons entering the program; substituting 
federal funds for local funds in financing Icjcal positions; and an unsettled 
relationship between two manpower systemsj CETA and the older US. 
Employment Service, Later thaj year, the act w^fs amended to tar^t^the 
public service^employment programs of CETA more specifically"^^.!^ Ions 
term !6w-income unemployed and to minimize substitution ^ federartor 
local funds by restricting use of those funds to projects ouWide pf the regular 
public service activities. Moreover, a bill has been intrc^Wed that b 
intended to merge the two employment systems. The final report ojt 
committeCj due in early 1978^ will include additional recommendations for 
legislative changes designed to improve and enhance the services rendered 
by implementation of Ceta. 

At the request of the U.S. Geological Survey, a committee of the 
Marine Board reviewed the procedup^s for '^verification" of the structural 
adequacy of fixed offshore platforr^for drilling for oil and natural gas. The 
committee recommended that uSG?l^ue policy guidelines defining the 
elements of a standardized verification' procedure^ suggested some details 
for the procedure, and recommended that a third party verification system 
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be utilized In each ftrc^ura were propo^d for the routine reporting 
of platfonn structiiiml eonditiona ^ and analyiii. Such a pfOgmA would 
r^uire a major committnent on the part of ^e usos^ including reawting 
and triuiung a technically compel^ Jknhouse st^. The usos has begun 4m 
implement m^t oC the specific r^ommendations and has imed a policy 
document af JrMDmmended in a |Hior Marine Board study. The Marine 
Board .is cwendy revtewj^ me, prdiminary guidelin^^ which 
pre^ued by4he USGS. ^ ^ - 



SOME RECOMMENDATIONS THAT APPEAR NOT TO HAVE 
BEBH ACCEPTED 

Whereas mo:i^^ tfca^, seventy percent of the Polar R^eareh \ Board's 
rerammendadonSi dver the years, relative to the planning and conduct of 
r^earch in t^ Antarctic have been implemented, r^^mmend^ons fat>m 
the board with .respect to* the\r«aj:th in the Arctic hivej as yet, failed to 
gain acceptance. A prop^Wl for a Nansen IDrift Station (an icebreaker to be 
pU^ri atiche Sadko Trough of the Lapt^.Sea Gcmtinentid Shelf, where it 
would drift along ihe^wp of the Arctic Mid-Ocaan Nansen Ridge) offers 
diveiie opportunities for yie study of marine geophyii^, p^te tectonic, 
finavfaie geology .and paleoclimatolc^j phy^cal oceano^aphy^ marine 
acoustic, the heat and ma^ balance of the ice cover p luid so^ forth. Although 
seeiningly favorably received by the Navyj no funding arrangements have 
been developed or approved. Similarly p r^wunendadons frcnn this bciiud 
V 4 concerning problems and prioriti^ in ofTshore permafrost r^fearchj 
opportunitid for pennafrwt-rclated r^earch associated with the Trans- 
Alaska Pipeline^ snow r^arch and controlp and glacier wid sheet 
sliding have receive atte^ion but not implementation. 
^ An ad hoc committee r^pond^ to the requ^ by ERDA to develop a 
^ plan for the congr^ionally mandated Solar Energy' R^earch Insutute. 
The Gommittee"S report, which emphasized basic research relevant to 
0 diveisa ^pect^ of the utilization of solar ener^, d^rited a substantial 

institute to he managed by an e^rternal consortium. Hbweveri this plan was 
rejected by the management of erdAj which preferred a smaller i^titutei 
admihistered by the agency, who^ activiti^ vwuld more inumdiately 
^ ^ akin to current applied r^arch and development under way in the agency. 

A Committee on S^ietal Consequence of Transportadon Noise 
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Abatemant, support^ by the Environmantal Prot^tion Akgtnq^, d^^b^ 
.V^e difficult nmturing iubjMtive benefit in ordar to y ada them 
tkpunat the ml ud qtiantifimble ods^ of abating noise pollution; great 
diffioul^ yim eQcountarad, exampla, in deriving iurr^ate meamu^ for 
the ' benefits irf^ nome pcdlution Abatement, which might pennit qwi^ 
tiflcation of tho^ beneA^« 1^ repoit analyze and r^nunend^ a yi^ety 
of r^uJa^ry bptioni for adtfeving mbj^i^ly d^irable levels of t^Ji^OF- 
ti^fion^Felat^ noises Although the import was widely circulated within the 
EPA^ it had no nftiMable" effrct on policy; noise at^it^ent do^ ncrt 
currently Icbm large in the progranis of that agency, 

, An sd ho^ p^^ of the Gommimon on International Relations 
undertook an eKtemive evaluative reviw of the ^change pr^^mt b^un 
in 1959| between the National Ac^emy of Sm^om and the i^admiy of ^ 
Science of the USSR. The Soviet Arade'my^was invito to cdopemte in this 
review but declined. The extranely rompetant panel made an extraordi" 
nary affort and utiUz^ a sophisticated meth^ology. In the light of the 
analysis^ the panel recommanded that, the inter-academy e^chwge 
program be expanded in new dire^ons befitting cuirent condidom^ that 
the HAS seek to promote joint or colli.bbFative r^aarch afforti on the part of 
u.s; and Sovdat sciantiiti, and dmt the has continue to niMage such an 
exchange program. This wasj in efTectj a self-analysis. Hen^, the National 
Science Foundation, source of Anancial support for the exchanga program, 
has made no formal responsa to the report. Implementation of its 
recommendations will^ however^ depend upon their acceptance by the 
foundation and by the Soviet Academy, and will be conditioned by the 
cordiality of US-USSR relations. 

It seems appropriate to .note how nongeimane elements can acrount 
for what might be only the temporary failure of an nrc activity. The 
Ctommittaa on Scholarly ConununiMtion with the People's Republic of 
China proposed to its counterparts in that ^untry an expanded, program of 
exchange emphasizing indiv^ual research in laboratori^ and other 
institution^ of the two countri^, graduate education and postd^toral 21 
fellowshi]^, visiting lectureship^ etc., intended gradually to rfeplace the 
cuirent program of formal touristic visits by organized delegation 
concern^ with speciflc disciplines or rttearch fields. Th^ proposals ware 
not accepted by the Chinee, who indicated that such arrangements could 
not be considered until the United Stat^ alters the state of its diplomatic 
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relations vdth the Republic of China on Taiwan and with the government 
iAPdciiig. * ^ ^ 

^- Thim peporte_ appear to have l^n niisi^^ in.some manner,. A Paa^^ 
.9n the Eviduation of Crime Surve)^, of the Committee <Ai National 
'^Statistic^^ Deported to Idie I^w Enforcen^wt A^itaiiqe AdndakAriition the 
r^id^ of an examinatio^^frf.^^^^thc^ and utiUtx ^ the National 
Crime Surve)^. While iridicatuig that the design of diat sun^ ib ^nerally 
coi^tent with initial objecti^^, i.e.^ produ^i^ dmtm ooncenung trends 
and patterns of victimization in certain categoric of crime, the panel noted 
that^a continuing series of victimization surve)^, carefully d^gned^and 
validated, cd|U help to All in details of America life and iiltifnin4te. 
wcie^'s co/mpts pt crime and moml order^ Re g r etti t My , the. e%traiivit' 
conceptual, procedural, and managerial criticisms of this prop^am 
embodied in the report were us^ vdthin the agency asjustiflc^tion for 
attempting the complete dismantling of ^^^prop'am, a conclusion entirely 
opposite to the vien^ of the p&neL When die paners vie\^^ vi^re made clear 
to the agency, this eventuality was averted. , - xijk. i 

. A rfeport of the Institute of M^cinQ, entitied Asmsing fatality of HmUh 
Care: An Emlmtim, review^ the progr^ jof several current propmms 
intended to maintain surveillaric* over the quality of h^th care, including' 
Professional Standards Review Organizations (PSRO). Although the specific 
programs reviewed are widely regarded as among the l^t of such^ the study 
team could not find objectiye data\ to substantiate this belief, TTie report 
carefully indicated that this may weH be due entirely to the inadequacy of 
available information. Regrettably, it appears that, within the executive 
branch, this report was used to substantiate a preliminary recommendation 
that the PSRO program be eliminated, a conclusion that is^not supported by 
' the authoring committee. 

In r^ponse to a requ^t from' the Nav^, ^ ^ hoc CamtaV^ on 
Biological Effects of Extremely Low Frequen^ Radiation examined in all 
r^pects Ihe ' p^ibility of biological huard from the extr^ely low 
frequftncy radio wav^ that would be emitted by an extensive horizontal 
antenna grid, planned; for installation in upper Michigan as a miechanism 
for communication with distant submerged submarine. The rammittee 
reported that there is ^entially no scientific evidence to sugg^t significant 
adverse biological effects, in contr^t to the exhortations of various groups 
and individuals in a campaign tEaFliad b^n given some standing by pr^ 



acraugts and na^mal tel^ision. Tlie committee did note tt^.^j^ibility of 
coaventionml ddctric sNock hazards of the installation planti^ and 
d^eribed meaibra to avoid them. Neverthel^j the Governor of M ic^gaiij 
apparently r^ponding to aroused public alarm, vetoed the construction of 
the proposed a^t^ha. The committee did not addre^ the pebble 
lyp riifl oin ^ ^^.ffl^ an action to the conununication problf^^ :tj^ 
submarine fldet^' 



SOME RECOM^iNtoATfpHS UNDER CONSIDERATlbN 

Not unexpect^y^ 'maftyirecommendationa to be found in rwent nrc*^ 
reports have aa ye^b^i neither ac^^ted nor reject^, but th^^ is r^^n to ~ 
believe that theyj are currently under consideration. It is of some inters to 
note their varying character. 

Whjereas th^ Viking studio of the geophysira of Man were extremely 
succ^ful, revie\y by the Space Science Board of the data from ex^riments 
intended to dctOTnine whether there is any evidence for lile on Mars has 
made it clear that, if life docB exist there. Viking did not fi^id it. Prwious- 
planning fpr tht lucce^r to the Viking mrim of Martian^ landers had 
a^umed that future minions would^ involve depoiiting on the Martian 
surface a self-prc^pelled vehicle that could move over that surfacCj t^e soil ^ 
sampleSj and peifform various automated analyse. However, the board haa 
indicated that tl^e optimal plac^ to seek evidence of life are at the edg^ of 
the polar ice capj, but that this effort would pc^ extraordinary difficulty for 
the program as Envisioned and would probably not be succe^fuL Instead^ 
the board recomimended that the next Viking lander include provision for 
return to Earth of an unsterilized sample of the Martian siirf ace. It remains 
to be determine^ whether NASA will act upon this recommendation. 

A panel of the Committee on Laboratpry Biohazards has concluded 
that adverse effects to human health are exflpmely unlikely y r^arch on^^ 
recombinant DnIa is conducted under the circumstance laid down by the 
NIH Guideline. The committee recommended that any legislation in this 
'regard be of the minimal character nectary to assure adherence to thee 
Guiclelihes without undue restriction on the course ot this highly promising 
research j and that criminal sanctions not be part of any legislated 
enforcement pijocedur^. Sitice that time, the stringency of the nih 
Guideline haai,been relaxed somewhat and additional evidence has 
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suppon^ the conclusion of th<fr committee. But the itatua ;of p^^p^^M 
l^slad^bh in tMi ^fw rtmaiiis lincertain* * ^ ' ^ 

. An o^ Adf committee of the Institute of Medicnnej after revie%ving the 
stmtui ofr Computed tomographic ^ahning^ randud^ that^this 

technique ihows ^^t proknise m an indicator of various forms of huiAan 
psthdc^. Ho^we^^ i^m ron^acm ^is l^^d not m nrrfiiUy d^^ied 
]arge?^ale clinic ti^^^ but rather on the views of pl^cti^j^j^- in 
field j the claracal mode of entry of n^ technology into medi^ practice. In 
view of the high coste ai^iated with such procedur^^ b^cau^ of the initial 
' CQ€X of the instrumentatimi, it ap^at^^d^irable that a weU^^gn^ 
clinloil trial be unde^aken^the T^ul^ of whi^ may provide guidaiice both 
to hospitals and to^h^dl care insurers. Neither the govemmmt nor the 
insuring organi^dona h^ve as yet t^en action in this matter but both are 
certain to dd so. Meanwhile^ the report stands as a itia|di \0f early 
assessment of ah expensive technology fr^hly introduced^'&^ : miiidU^fl^ 
practice. 

A panel of th^ Committee on A^^ing Quality in Health Care has 
examined the reliability of the abstracti plac^ in the fll^ of ^tiente at the 
. time of their hc^pital discharge. The purpose of the study was to a^^ the 
reliability of data compiled by ateracting service that are d^criptive of 
the utilization of hospital faciliti^^ — data which, in tunij are baaed on the 
hc^pital discharge abstracts. A specially trained t^n reabstract^ the" 
oripnal h^pital records and compaied their reatetracti with the abstracts 
that had l^en filed by the h^pitals. For all principal diagpos^ combined, 
their reabstracte agrocd with only 65.2 percent of the original abs^acts. As 
pr^ures are brougnt to bear on the medical care system to make more, 
efficient of its r^ourc^, analy^tt of h^pital utilization based on the 
al^tracts now on file will a^ume great importah^ for management 
planning, regulatory, and policy decisions. Patently, in view of the size of 
the errori in th^ al^tractSj iuch data must be used with great caution. But 
it IS not clear how the problem can be rectified. 
24 . fy^ report from the Institute of Medicine indicatisd an exc^ of short- , 

term general hospital beds in the United Stat^, and recommended an 
overall reduction of at least ten percent in the ratio of short-term gene^ 
h^^ital beds to the population, to be accomplished within the next "five 
yeai^, with additional reductions thereafter. This recommendation was 
cited by HEW in i^ing prop^^ guiddin^ for health planing agenda* 

ft. 
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However, perhapf l^atiie the latter prop^al If^ked the rarefiil qua- 
lificatiom that ^^mpanied the lOM r^bmmendations/the HEW Guideline 
were found unac^ptable by the House of ^ipresentativ^ and heftce have 
b^en withdrawn. NeverthelCT, the re^rt hBB lucc^fully brought to public 
attention an is^e that will nec^arily receive ^riou| attention as ' the 
nation attempts to consfamin Ae eohtinued inci^^se in iMpital coe^ 

A cpnunittee of the A^embly of Life Science fdrmulat^ '^^t of 
recommendations to the Occupational Safety and Health Adnumsttmtion 
t rafiherning the^ appropriate ;con^ of an Occi^tional Cancer Informa- 
tion and Alert Prc^am. The report dealt with the circimiitan^ in which a 
carcinogen should be made the subject of an infonnation progrimj what 
the worker should be told about the substance, and how and when it is b^t 
to inform him. At this time^ thkre has been no indication t^at the 
recommendations of . the report will indeed be adopted by government 
agenci^. 'The modest coverage given to the report in public h^lth and 
trade periodicals has served to direct some attention to the problem and 
may continue to do so, ^ 

The Adviso^ Committee on Child Developnfient transmitted to the 
Office of Child Development (now reorganized into the Administration on 
ChiFdrenj Youth, and Families) a report entided Toward a National Poluy for 
Childrm and Families^ which calk for a comprehensive national policy for 
children and >famili^. The e^ntial com^i&nfe of the policy include 
employment, tax, and cash benefit programs that would a^re each child's 
family an adequate income; a carefully integrated system of support 
^i^^ices for families and children; aqd coordination mechanisms to ensure 
adequate coverage and acc^ of famili^ to the full range of available 
service. Although many of the repdrt's recommendala^.*:; have been stated 
before by others, this report was the fli^t in receni time^ o emphasize the 
criticality of economic and other support systen o enable famili^ 
themselves to meet the needs cif their children. This is a profound chan^ in 
emphasis from the previous approach of piecemeal provision of service and 
advocacy of alternative to family care. This change in emphasis has since 
been echoed by subsequent studies, notably that froAi Kenneth Keniston 
and the Carnegie Council on Children, and is reflected in some part in 
current administration proposals for welfare reform. A discu^ion guide 
combining this report with that by Keniston and the Carnegie Council was 
published by the Education Commission of the Stat^ for use at the local 



.. . : 0: 
NATIOKAL RBSEARCH COUNCIL 



ud State level. It is evident that although the NRC repoit hai, as yet^ had 
but modM impac^t on federal policy, it will have ast a long shadow into the 
hituj^ wd wiU guide poli^ fonnation f^^^ 

^ A committee of the Transportation R^e^ch Bowd^nudf reeommen^ 
^.^ \ :: dadoni to the F^eiml ^ulioad Adnoinistimdon c»nttn^£^ "pQit^l990 

Planning Imies for the Noitheast Gorridor/' relate to b^er 

jinderstanding of the facton that will affect demimd for rail pa^nger 
travel and a coinputer model to. peitnit forecasting of such denund. 
Infonnation gain^ this way can pmriit rationiJ cost/beneflt an^>^i 
which might enable plamiing of future improvement by relatively small 
incremental ste^ so that the of each improven^At can be used in" 

planning for subsequent actions. The r^ponse to this re^rt remains to be 
f jMscertained. > ' 

. The report, Mcmpower "for Envirmmmial Polh^n CMrolj from die 
Gommi^ion on Human Resource offered, el^en recommendations. 
Included were propolis that the Congr^ clarify its intent With,r^pect to 
environmental man^wer development and training as stated in existing 
legislation and provide EPA witha clear dir^tive conCeraing its authority in 
this^rea. The EPA w^ adjured to focus its environmental naanpower 
f^ponsibiliti^ by creation of an appropriate office in the upper echelon of 
the agency to manage a well-coordiiiated environmental manpower 
planning and training program, At the same time, the report noted that 
EPA could malce better use of its technical personnel by amiring that its 
directive can be accomplished with existing or soon to be^ aviulablf 
technoldgy. Aryetj the agency h^ made ho formal r^jwnse. 

The Annmi Report of the Committee on National Needs for Biomedical 
and fiehavioral R^arch P^reminel ^bmitt^ to the Secretary of HlWin 
1977 contained some f twenty-seven recommendations aimed, irUir alia^ at 
broadening the r^arch training r^ponsibilitiK of the Htelth Resources 
Administration, increasing tbc numl^r of minority students in graduate 
education and the life scienceSj leaning the inflexibility of the three-year 
26 / limitation now imp^ed on National Research Service Awards j a^uring 
that such awards will be made solely on the basis of quality and merit, and 
asking that more reliable information be obtained concerning the 
increasing population of postdoctoral arid nbntehured r^earch staffs in 
academic institutions. This report is mandated by the Congf^ and the 
response of the Secretary of HEW is presently awaited, Meanwhilej the 
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uiforaQmdqh and anml)^ in that repoit are of broad inters to ^1 
ranc^ned nith a^anc^ ^uoatidn in life scien^. 

The Cmunitt^ on Satallite Oommuniaitions of the Spa^ Applica- 
dons Board "reported i^ rancurren^ with the concliidon of NASA that, - 

\,h0Mefor^^ r^^tfch relate to ^e of satellite for ronmierDlal 
.mmaunieaQons should hd Ae r^poniibili^ of the common c^iiers 
themselvK In addition^ the rammittee not^ that a seri^ of '^publie service 
satellite'- — ^to be for eximiple; - for hazard alerte, some fo|ttu of 

na\^gatipn^ geneiml emei^ncy warain^ systems, and CTiei^ency medical 
eonimutiications^ — ^would be widely weloomed. Reco^ii^ing the unltt:eli- 
hood that the aunmon cmrim would undertake ra^rdi relevant to such a 
ranimunicatia£ V^tem, the committee recommended thict NASA begin 
concej>tual defihidQn of the ne^^ technolo^ and ite ex^rimental trial, 

- Alt only if one or more potential user grou^ can be involved from the very 
start of the project and if estimate of cost appear to be' reasonable. The . 
Office of Science and Technology Policy in the White House expr^sed 
inter^t in this^rpport,and sought the views of Separttnents of the execu^ve ' 
branch and of various commercial organizations. It remaiiu to ^ seen 
whether th^ proposals vv411 be implement^. * ^ 

The Committee on Telqconmiunicatioris recommended to ^nit^ 
States ^<^tal Service that inauguration of electronic m^sage service would 
offer 6ppoit^nity ta reverse ^the pr^ent trend, of rising c^te, decreasing 
volume of flrst-cla^ mail and incre^in^ defici^. To achieve such a position 
will require a firm cpntinuing commitment to this course^ and ari^effectivc 
planning, research, and man^ement staff, followed by field trials to t^t the 
new systems and to deteimine tiser, acceptance, This report was wannly 
re^^ived.by tpt Postmaster General and the House and Senate committfes 
r ' on the post offic^ as well as by the Commi^ion on P^tal Service. The 4977 
i^t. report of the fatter body echoed the report of our committee. Again, 
decision in this matter is still awaited. 

4 In 1976, a Joint committee of^ the Commission on International 
Relations and the Commission on Natural Resource reported on 27 
1 '^Guayule: An Altemative Source of Natural Rubber," based OT^a plant 
' that is indigenous to the American Southwest, This report attracted 
considerable attention and, in May 1977, S.1816 was introduced by the 
Senate Committee on Environment and Public Works "to, authorize a 
program of research, development and then demonstration of guayule 
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rubber arid pn^ductton mid manuf wture 
opportunity for the southw^eni stat^." It 
this bill will one day berome a law. . 

A ronimitt^ of the Institute of M^dicbie conmdered flv§^^^^^tive 
^ options for policy with ^^iMt to poUontyelit U vi^ne in the U^^^Stat^. 
T^e committM ^commended that oraI^(liv(S vims) fk^lio vaccjne Gontinue 
. to be us^ as the principal vacdne^ that inaciivat^ poUomyeUdi vacdne be 
'available for certain categm^ of persons, imd that a bo^er dose dt oml 
varoine be pvan to all entrants to the seventh pade of school.^ Tlus report 
, has b^en rather extensively discu^iEd; it h^ b^n consider^ by the PubUc 
H^th Service's Advisory ^mmittee on Iinmunin^^ ^^ni^c^ lud its 
^ recommendations debated by the health ministries of tevaral other nations. 
^ " . However, the recommendations have not bc«m fonnaUy adopted by" the U.S. 
* Public Health Service or by state authoritiesj 

The Committee on Proc^ing and UtiliEation of Fo^l Fuels has 
engaged in a cqmprehjnsive evaluation ^f the statw, technology, and 
T^arch and development priori tira for the j major romponents of the coal 
processing and utilization system. A p^t variety of speciflc^itecimical 
i<' recommendations have been made with r^p^ to i^vanced ^technolo^^ 
for the direct combustion of coal, technolbgi^ for the liquefacdori and 
gasification of coal, for advanced power cycto in power plants, and 
improved technology for coal mining. reports were submitted to the 

Department of Energy (at that time the Energy R^earch and Development 
Administration) during 1977. At this writing their impli^tipns fof the RiD 
program of the Department "of Ener^ are under consideration, and the 
reports are currently being studied by the inter^ted conununity. 

This compendium, although quite incomplete, neverthel^ reveiis the 
extraordina^ diversity of the problems addressed by the Nationdijlesearch 
Council, Since nrc committer are not i^allible and sinw governmental 
decision makers may occasionally find other considerations more compel- 
28 ling than th^e discu^d in an NRC re^rt, it would be extraordinary, 

indeed^ if recommendations by NRC committ^ were invariably adopted 
and implemented. If the reports and recommendations summarized above 
represent a reasonable sampling of the more important recommendations 
emanating from NRC committer during the period under comideratioji, the 
fraction of all recommendations that have already led to significant actions 
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might welliibe,^garded m remarkable. However, from the standpoint of 
tho^ who^ tdente cr^te our reportSj tlw apprppriate criterion for aase^ing 
the impact of a given report is not so much whether its^ip^ific 
rerammendations have b^n adopted bb whether the intended, audien^ h^ 
given the report md its rroo^nmendadons careful consideration and a fair 
hearing. 

My wfe has fr^uendy asked me, "Who reads all three NRC reports?" 
The record above cannot supply a complete answer to that qu«tioni blitat^ 
is cfear that fewj indfed, are the repprts and recommendations that have 
gpne ignored^ In all but a handful of instances th<^ for whom a repofrt was 
parUculau^ly intended have given evidence of careful study of the specific 
document and deliberate consideration of the merife of its case. The 
thousands of individuals who have so ^generously contributed to this huge 
effort have reason I to And reward and sau^faction in that acconjplishment. 
Actual implementation of their s^ciflc recommendauonsj when that 
happensj is doubly gratifying. ■ ' ' 

Thf hopm that we held as we entered upon this analysis have been 
largely borne out WelUreasoned ^op^als for programs that would 
' \ advance the frontiers of science do receive sympathedc attention and are 
generally accepted. Specific technical recommendations deriving Irom 
analyses of relatively narrow technical subjects and requested by a 
concerned mission agency almost invariably find acceptance. Recommen- 
dations of broader characters offered in a report that has been expliciUy 
requested by the Congr^ or some agency of the executive branch, are 
frequently adopted. But formulations of major national policy must await 
. prolonged discussion and, not infrequently, repeated reexaminations of the 
entire subject before they may hope to find acceptance. On balance j the 
nation has been well served. 
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Bfeing involve with the A^mbly of Betfaiaeril and Social Science during ^ 

the past five years haa markedly increased my awaren^ of the difflculd^ 

faced by organizations that attempt to provide various govemmental bodi^ 

with icicntiflc advice on social problems. Much of that advi^ has to do - N 

with the interactions of social variable, what we call social dyi^mitt* The 

flm part of th^ remarks concerns sonie of the problems ,we en^i^^in 

attempting to answer apparently simple qu^tions about social 

Equally important is the invention ^ wa>^ to d^l with social prtblenfc 

when we ^rceive them. The second part of th^ remarks tak^ up some 

aspects of that problem^ ^p^ially the fact that social icien€« are little 

called upon to provide advice in this area, ^ ^ 



UNDERSTANDING THE NATURE OF CAUSES AND EFFECTS 

The flrefr^ategory of advice typically aris« when we are asked to answer 
seemingly simple qu^tions about social pr^^^. As usually pM^j^such 



R, Dunwi Luot is Ghaintmn of the Asembly of ftel^vioral and Sodal Sd^te wid Alfred 
North Whitehead Prof^wr of P^cholos^y at Harvard Umveraity. 



33 



33 



^^aIsemblv of behavioral and social sciences 



qu^dons inyolve at least two social variable, call them X a^d Y, one of 
which we care about, sayT, The question is: Do^.^ aff^t Y mi6^ if so, in 
whatd^w?' \ , 

• an in^iease in the amount or of vkdra 

children incrdse violent behavior, perhaps some yeari foUoviing the 
ex^mire? 

P Dom a particular innovation in the teaching of high school physic 
result in adults who, on the average, have a better understanding of the role 
of physical science and technolo^ in society? i ■- 

• Ikm compenaatoiy education in the early ffmAm overcome some of 
the educational daflcienci^ apparently due to severe cultural deprivadon 
during the flm five years of life? 

• Do^ the imp^ition of more severe erinunal sancdona deter crinwnal 
behavior in othei^? , 

• What is the impact of various dietary practices during adolw^nce 
V on health later in life? 

Society repeatedly asks such questiona of the behavior^ and social 
science, as well m of the life science and medicine. All too often, we fail to 
come forth with an answer or, if we do, our answer is murky and hedged. 
My imprc^ion is that on the whole wc arc becoming more sophisticated in 
our approach to such qu^tions, that we laiow better how limited is our 
ability to answer them, and that we are sometimes able to devise ingenious 
ways to arrive at answere. But progr^ is painfully slow. 

There are at least four souVc^ of difflculty in achieving answei^. They 
are: ^ * 

1 . Statistical models in lieu of causal models. For the mc^t part, we lick 
much, if not most, of the dynamic theory for the social proc^s^ about 
which we are trying to answer qu^tions. For example, although there is an 
extensive literature on how various organisms learn, only a tiny fraction of 
that relate to the various methods of educating children— open classrooms, 
the timing and rate at which materials are introduced into the curriculum, 
repetition of materials, and the like. And within that fraction, there ii 
conaidcrable dispute about the effectiven^ of th^ various meth^. 

Because of the lack of substantive theory, we attempt to study what 
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interata. us by fitting models to the data by various statistical t^hniqu^. 
'Hie mathematical fonn of these models can only be a crude approximation 
of the actual underlying relations/ woi^ yet, we may ^11 overlook 
variable of importance; and, at best, the statistical m^^els provide 
Moartain extraf^lations trofd pmt dam. Even, the mmt sophisucat^ ol 
th^» the aconometric models of the economyi arc limited in their abi|ity to ^ 
predict accurately the future courie of the economy,* 

2. Obsiwatimd ratim than experimmtal daki. ¥ot the 'most partj we are 
unable to perfoim controlled experiments involving manipulation of 
important variable. Even when we caDj the r^ults may siipect if th^ 
panicipanti are aware that they are in an experiment and that s^ial 
attention i$ being paid to them. Mc^t often, we must settle for obielving the 
naturally occurring variations in social relationships and attempt to explain 
resuldng difference in behavior^ somehow measured, by using statistical 
models. Between thesp two extreme— a perfectly controlled experiment, 
which hardly ever occui^ outside of the laboratory (and often not the/e), 
and a natural 'occurrence— there is a region of partial experimental 
intervention that has come to be called quasi-ex^rimentation. TTiere is a 
sfnall J but growing, literature on this, i 

3. Long delays hetwem cause and efficL In many cas^j there is a long , 
delay^ years or even decad^j between ^n event or an exposure and its 
pc^ible effects. Of the examples given eariier, only two— the relationship 
between television violence and violent behavior and the deterrent effect of 
criminal sanctions— can be studied in the short term; andj of cou^^ the 
qu^tion of longer-term effects is also meaningful for th^ example. The 
others— compensatory education^ curricular innovationj and health 
effects=are all inherently long-delay qu^tions. However^ when more than 

a few weeks elap^ between ^ interventron and purported consequence^ 
numerous uncontrolled events and experience occur; and one becomes 
increasingly skeptical of any correlations that are found. 

4. Poor data base. The data on which we depend for answei^ are often 
very poor in one or another r^pect. In many cases, they were not coliected 

•Pefhaps it is well to make ah^Iutely clear that I do not mean to identify caiaal modeb with 
detenninistic on^, nor itatisticaJ models with stochastic on^. AJmost ^ftaml)H 'satirfactory 
dynamic theori^ of ^ial prcx;^^ wiH be st^haftic and not datermimstic, but thfey M not likely 
to Mume the form of the statistical models we normally invoke. 
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by the scientists who wish to use them; often they are not comparable from 
place to place or time to time; and sometime they are subject to major 
political or economic influences and are suspect for that reason (e,g,, federal 
crime statistics). There are, of course, many data banks wh^a virtue and 
limitations are well understcx^ and whose quality is p'aduall)4 being 
improved. Often, however , good sources of data do not exist for problems to 
which society seeks answers. 



THE EFFECT OF PUNISHMENT 

Perhaps a concrete illustration will make some of th^e problems more 
vivid. Do sanctions for crimes committed deter others from committing 
crimes? We are unlikely to perform any controlled experiments to 
manipulate the risk of sanctions^ so analyses must be based pn variations in 
crime rat^ and the application and degree of sanctions that occur over time 
and over jurisdictions. Moreover ^ since we do not have any detailed causal 
model for the social factors that inhibit or encourage criminal behavior, 
there is no choice but to approach the problem using some sort of statistical 
model. The general approach is to calculate the crime rate at various times 
and locations, calculate some measure of the risk of sanctions being appliedj 
usually at the same times and locations, and then t^t for a negative eflect of 
risk of sanctions on the crime rate v/ithin the context of a fltted statistical 
mSdel, For example, does a greater risk of sanctions r^ult in 1^ crime? 

The first problem is exactly which crime rates should be associated 
with which sanction rates. The measured sanction rat^ (as defined below) 
are used as surrogates for the criminaPs perception of the risk of criminal 
activity. But is a perception formed on the basis of this week's sanctions 
(e,g,5 arrest), or last month's sanctions, or last year's? Further, how is this 
perception of risk in one part of a city related to the numter of arrets in 
another part? Usually, the assumption is made that the risk is perceived in 
the same time period and in the same geographic areas in which sanction 
rates are measured; hence, crime rates and sanction rat^ are correlated 
without any time or spatial adjustments. 

Now, let us examine three problems that may arise in drawing 
inferences from any naive examination of the regression of crime rate with 
risk of sanctions; that is, in estimating the eflect of the second variable on 
the firsL 
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' L Spurious correlation iecause of poor data. Suppose one uses the following 
measures of the two variables: 

^ .^/*^ number o f crimes^ 

^ ^ 'Crime rate - population ^ - 

number of times sanctions are impost 
risk of sanction - - number of crimes 

Note that if there is any variation in the rate at which actual crimes are 
reported to the police over jurisdictions, which is almost certainly the case, 
or over time, which also is likely to be the case, then this alotie induces a 
negative association- tetween the crime rate and the risk of sanctions; 
because the number of crimes apf^ars in the numerator of the former 
measure and in the denominator of the latter one. Thus, poor crime data 
produce a negative correlation even if there is n^, deterrent effect 
whatsoever. Of course, one can estimate the magnitude of this artifact as a 
function of the quality of the data. 

2. Confounding of deterrent and mcapacitatwe effecBr ll we assume that an 
apprehended criminal has a higher probability of committing another 
crime than does a random member of the population, then incapacitating 
him or her will, with some probability, reduce the crime rate whether or not 
it deters others or (in the long run) even the incapacitated criminaL Of 
course, if one can estimate the chance that an apprehended criminal again 
commits a crime, which is very difficult to do, then one can ^timate the 
rhagfflmde of this artifact, 

3. Simultaneous effects of other variables. A third artifact Tr that both 
variables, the ntinjber of crimes cQmmitted and tHe risk of sanctions, 
also affected by t^ behavior of people other than the crimJnah The 
number of crimes reported is a function of the number of crimes actually 
committed, those reported to the police, and those recorded by the police. 
The imposition of sanctions is a variable affected by, at least, the 
prosecutor, who has some discretion as to what is brought to the court, the 
jury, and the judge. Thus, any social factors that affect the behavior of any 
of these groups can change the relation between measured rate and risk. 
For example, if at some time a jurisdiction imposes fewer or lesser sanctions 
Just because its crime rate is high and its criminal justice system is therefore 
overloaded, we will observe a negative correlation between rate and risk, 
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* whkh has nothing whatsoever to do with deterrence. Again, by making^ 
further careful measurements and modeUng these factors, one can dtimate 
the magnitude of the effect. 

CAPITAL PUNISHMENT AS DETERRENqE 

The above discussion is drawn from a recent abass report,^ One part of this 
report is concerned with the, evidence concerning the deterrent effects of 
capital punishment on murder. A major study ^ analyzing data covering 
the years 1933-^9, concluded thay^here is a deterrent effect of capital 
punishment. The Panel on Research on Deterrent and Incapacitative 
Effects of the Committee on R^arch on Law Enforcement and Criminal 
Justice conducted a careful reanalysis and raised many methodological 
questions that make one suspicious of the^onclusions drawTi from th^e 
data. Perhaps the most startling ^©ervafioftJs' this: ^riiig the ^riod 
1962-69, all crime rates (including murder, and also alt sorts of noncapital 
crimes) rose; however, during that period capital punishment was not 
employed in the United States. Drop these seven yeai^ and reanalyze the 
remaining twenty-nine years, where the variation in crime rates and 
sanction applied is primarily over jurisdictions, and thmt is no discernible 
deterrent effect of capital punishment. The panel concluded from their 
analysis that existing data provide no useful evidence of the deterrent effect 
of capital punishment. 

This example is reasonably typical of the difflculti^ encountered when 
we attempt to answer many seemin^y simple social questions. Social 
scientists have no real alternative but to attempt to deal with such qu^tions 
as best they can, and I arii personally much encouraged by our growing 
body of well-trained, sophisticated researchers who are sensitive to the 
pitfalls. BiXt, equally, by the nature of our limited uhderstanding of social 
processes, it is not always possible to provide simple, clear-cut answers in 
our reports, 

^ DESIGNING INSTITUTIONS TO ALTER SOCIAL PROCESSES 

Why does society want answers to questions about s^ial proce^e#It is 
rarely, if ever, out of intellectual curiosity alone that a question is posed; it 
is rather because we wish to solve or modify a perceived social problem. We 



GIVING ADVICE ON SOCIAL DYNAMICS 

want less violence in our society, better- infomied citizens, equal educational 
opportunity despite early cultural deprivationi reduced national health 
problems such as heart disease, and so on. Put another wayj society is 
interested in understanding wcial processes primarily tecause such 
understanding may suggest interventions to ameliorate a perceived 
problem. 

Assuming that the evidence is adequate for thinking X affects K in a 
particular direction, that we indeed know the effect, for example^ of a^ 
higher risk of punishment on crime rates, then the next question is the 
nature of the interventions to be imposed on A" itself or on relatianships 
between X and K so as to achieve a desired change in K At this poihtj a 
nunaber of options are available and an elaborate political proc^ selects or 
devises the particular intervention to be tried. The choice of the 
intervention and the crafting of the institutional structure for inten/ening is 
largely in the hands of those in high- and middle-level government 
positions. These groups often seem confident that they understand how to 
create institutions to do particular jobs. Some of us, however, gire less 
confident, our doubts being based on the repeated failures of interventions 
to work as intended. - ' 

It has become increasingly clear that the success of new programs rests 
as much on the^.structure and functioning of the institutions charged with 
their implementation as it does on the soundness of the prograjfti concepts. ^ 
In practice, there has been a very wide variation in the efficiency and 
effectiveness of interventions. Increasingly, since World War 11, and ■ 
perhaps a good deal earlier, it has become obvious that the task of designing 
institutions to implement programs or of mtxlifying existing ones to 
accommodate new goals or strategics is exceedingly complex and subtle. 

Although there is research scattered among the behavioral and social 
sciences on the issues involved in institutional design and change, it is 
fragmented and has had relatively little impact on those who de^sign new 
institutions or on those in the field who iniplernent the tiew programs. We 
find ourselves in an odd position: Government increasingly recognizes that 
understanding exactly how social processes work is usually quite difficult 
and that little of a common sense, a pnori nature is valid; but it has less fully 
'recognized that we also rarely understand how to ^intervene effectively. 
Thus, .to change the relation between two social variables in some desired 
ways, we create an institution to aflect a prTCC^ we only dimly understand. 
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using methods wh^e eflTectiveness is unclear. There is little reason to expect 
common sense to much better here than it was in understandings the 
source of the original problem, 

To be sure, what social scientists/ know about the design of 
interventions is limited, but I do not believe that this knowledge has been as 
successfully marshalled as have been our meth^s to develop know^ledge 
about social proc^es. Of course, the latter technique can and are being 
used to evaluate the effectiveness of different social •"experiments/' In 
addition, however, ABASS and other advisory organizations should devote 
considerably more of their effort to inventing intervention schem^j to 
predicting the consequences of proposed techniques o! intervention, and to 
attempting to codify the known methods and their apparent succ^s^. 

Let me list |ome of the issues to which I ho^ we will turn our attention 
in the coming years: 

1 . M^hai are the goals of the mtewention? As we all know, the proc^^ by 
which legislation is drafted, amended, and passed, and out of which 
agencies are created or given s^cific r^ponsibilities, are complex and 
political. More often than not, several partially conflicting goals are 
embodied in the same legislation; and only rarely are these goals 
sufficiently specific to provide explicit guidance. The result is that the 
ultimate goals of the institution responsible for the intervention often evolve 
gradually over time, through political interactions between the institution 
and various elements of the society. We understand this proce^ only dimlyj 
but it is clearly a very important aspect of the evolution of a bureaucracy 
and very important in the success or failure of an attempted intervention. 
We need to study carefully the dynamic of evolving institutions, 
particularly their childhood and adolescenccj the time when they develop 
their values and style. * 

2, What are the possible strategtes of inkrvention? It is not difficult to 
catalogue some of the more commonly employed methods of intervention* 

• Creating a regulatory agency, with various interventionist powers, 
including information transmission, ^setting of standards, enforcement of 
standards, effluent charges, sale of pollution rights, prohibition, and 
licensing and setting of fees, ' 

• Creation of legal rights, including well-specified avenues of acce^ to 
courts. 
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• Suteidization of specific groups, firms, or industries handled by 
specified agenda. 

• Government-owned firms to produce specific products, 

• Nationalization of particular industries. 

Govemmentr financed ^rvic^, such as the Veterans Administration, 
Medicarej Sociad Security. i 
* • Tax polici^. \ 

( 

Often there is little consensus about the type of intervention that 
should be adopted to achieve a particular set of goals. We are currently in 
the throes of just this problem vis-a-vis reduction of energy consumption.. To 
take one explicit example: What techniques should be adopted in order to 
reduce the number of "gas guzzlers" on the road? Prohibit themj tax them^ ' 
subsidize alternative, try to create psychological pr^ure against them, or 
what? Aside from the political problem of attempting to select a balance 
between freedom of choice and long-range social goals, there is the fact that 
. decision makers really do not have a very clear idea of what the 
consequences will be from the various strategies available to them, 

I do not wish to suggest that social scientists know either— but I do 
think %hat it might prove useful to try to assemble what we know 
historically about various attempts to intervene and their r^ults. The 
history of such attempts in our culture and in others is long and complex, 
and it is conceivable that some generalizations are either available or can 
be generated. 

-^3. Crash programs of research. Our great engineering succ^se— the 
Manhattan project, ApoUOj and many less spectacular ones, such as the 
design and construction of a modern weapons system or a large^ jet 
transport — are often held out as models of the ty^ of organization needed 
to solve complex social problems. It is held that complex systems^be they 
the social network sustaining drug addiction, the failing structure of the 
inner city, the system of organized crime— are just that: complex systems. 
And as such, they should be susceptible to the finely developed systems ' 4 1 
technique of the engineers and physical scientists. 

Most social scientists fear that this approach, however good it may be 
for complex engineering problems, is doomed to failure when applied to 
social problems. The reason is not the great complexity of the social system, 
for by any reasonable count the inner city has no more components than a 
complex aircraft, but it is our very incomplete understanding of the 
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variables and the constraints on them—the dynamias of the proce^^s. 
Imagine the creation in 1700 of the equivalent of a SlOO-million, 10;000- 
^ person project to design a flying machine using the technology and physias 
of the day. ^ 

We suspect that it is more useful to be more mod^t. It is enough to try 
to systematize experience, to perform quasi-experiments, and to happy 
when we induce a change of trajectory toward the desired direction. 

4. Pathologies of bureaucracies. It is all too wfeU known that the observed 
behaviors of institutions are often irrelevant to^ if not in direct opposition to, 
their formal goals. One suspects that this tends to arise not out of pervet^ity 
as much as from some sort of built-in or evolved structure of rewards for 
individuals within the bureaucracy. The phenomenon is so widespread that 
society cannot but ask itself in each case whether the pathologies that arise 
'are such that it is better to live with the problem than it is to incur the long- 
range costs of the intervention; that the ''solution" may worse thanjhe 
problem. At the v^ry least, the information generated by such bureaucra- 
cies about the problems with which they are to deal, the impact they have 
had on them, and the nature of their own workings is most suspect. 
^ I do not know how much knowledge there is about the misfunctioning 

of different types of i-nstitutions, but I am certain that it has not been 
properly marshalled for Congress and the executive branch. 

Since I feel as I do about the importance of applying the knowledge of 
social science to the problems of social intervention, why has this not been a 
major fraction of ABass activity? There are at least two reasons. First, there^ 
probably is not a large group of social scientists with the requisite inter^t 
and knowledge to bring adequate pressure on ABASS to go in this direction. 
Second, and I suspect somew hat more important, there do^ not seem to be 
a natural constituency willing to pay for>such advice. Existing bureaucra- 
cies are not really very interested in being- told they are not appropriate to 
their task or that they are carrying it out badly. We have tried, for example, 
to mount a committee to study the regulatory process in government, but 
we found no agency in the executive willing to fund it. The most natural 4'- 
constituency is Congress, but to date it has. not provided itself with 
mechanisms for soliciting long-term advice of the sort I am sugg^ting it 
often needs. Although I think it would be foolhardy for the social sciences to 
offer any serious promises in this area niight be possible to see whether 
there is enough knowledge and wistlom about the performance of 
institutions to improve somewhat on their design* ' 
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There are two major types of advice an organization such as ABASS can try 
to give. The one that has preoccupied most of our effort over the past few 
years is on the nature of certain dynamic serial proc^^. The major reason 
for gammg some understanding is to uncover potential sit^ for intervention 
in order to affect some s^ial vafiable, I tried to outhne in some detail the 
nature of the problems we have in studying such proce^te and why^ so 
often 5^ our answers are le^ than clear-cut.- The other type of adviccj for 
which we are little asked, concerns the d^ign of institutions to effect the 
intervention. I tried to indicate both why this is at least as problematical as 
the questions we are asked, and why, as yet, ^e find it difl^ult to gain 
support for this work. 
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POPULATION AND DEMOGRAPHY 



One of the major^changes in human behavior in some developing countries 
during the past twenty-five years has been a decline in the number of 
children born per woman. However, the decline in mortality has been even 
greater before and during these twenty=five years, so that total populations 
have grown in most countries. The population increase has raised 
emotional and rational concerns that have been looked at by many groups, 
including the National Academy of Sciences, ^ The nrc rejxjrt, World Food 
and Nutrition, published in June 1977, commented: 

In the long run, no action is more important for improving the world food and 
nutrition situation than the reduction of birth rate-s. In view of this fact, we strongly 
recommend that the u.s, government sponsor a study to ass^s how U.S. r^arch 
capabiliti^ can best be applied to help countri^ desiring effective means of 
reducing birth rates/^ 

However, stating the problem is simpler than dealing with it. Many 
polpulation policies and programs have been launched during the past 
twenty-five years, particularly since the mid=1960's, but the results and 
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eflfcctiveness of these programs intended to initiate or accelerate decline in 
fertility* are ai^able. Moreover, there is a continuing debate, m the 
^ United States and the rest of the world, as to the best tactic. Three 
approaches are at i.^ue: 

• family planningf should be promoterf as part of overall develop- 
ment, in an attempt to accelerate fertility-decline; 

• family planning is not enough: more basic social changes or more 
strmgent measures, perhaps even coercion, are needed to reduce fertility 
rates m order to lower the rate of increase of population in iow-income ^ 
areas where population growth is rapid; or 

• development is the only way to reduce fertility: fertility decline will 1 
automatically occur with development, and concern about population \ 
growth IS a false issue or smokescreen to divert people's attention from real 
problems, 

D4^TA DOUBTS 

However, there are considerable uncertainties about the levels and trends of 
human fertility and mortaJity m developing nations now and in the recent 
past. For example, is the 1976 birth rate of Indori^ia thirty-eight per 
thousand as reported by the Population Reference Bureau, forty-eight per 
thousand as reported by the Environmental Fund; or som9thing else? How 
has the birth rate changed since 1970, when a major family planning 
program was initiated in that country? What proportion of the decline in 
fertility m Turkey since 1960 can be accounted for by changes in marital 
patterns, particularly rising age at first marriage? One recent (1976) review 
of available data on fertiliry trends in developing nations suggests that 
thirty-one countries, including some of the most populous, had ^timated 
crude birth=rate declines of ten percent or more in the quarter century 
1930-74,3 However, the author, a member of the Committee on Population 

•Fertility is used here in m demographic sense: the numter of live births produced by a woman or 
by groups of women. This differs from the medical definition in which fertility refers to the ability 
to become pregnant; demographers refer to the latter as fecundity. 

tFamily planning means the provision of fertility refulation supplitt and service, plus traininf, 
education, promotional and infrastructureMmprovement efTorts dsigried to increaae the coverage 
and use of the offered suppli^ and services, ' ' 
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and Demography, points out some of the^ problems associated with the 
information on ^pulation size and oi^ the numbeo, rates, and trends of 
births and deaths. For e?&tmple, '^^timates of Chiria's population vary by 
100 million; those of Nigeria by more than 10 million. ... A few 
countri^ have never taken a census and others have only Fecently begun to 
take census^.*' In many developing nations "registration systems are 
inadequate and inaccurate ^ and systems for ^imating such mmibers and 
rates are only moderately good^ and often their application is both variable ^ 
and deficient,' * e 
In short, a major set of social phenomena (changing fertility and 
^ mortality patterns) creates problems that many feel must be addr^sed by 
explicit programs (such as family planning, increased maternal and child 
health efforts, government policies to liberalize abortion laws); and yet our 
knowledge atjout the levels and trends of fertility and mortality in countri^ 
in the developing world is unsure. The very trends the programs are 
designed to affect are not measured by reliable statistic, and are differently 
estimated by different observers. 

Against that * background of a problem, po^ible remedies, and 
uncertain data, the Agency for International L3evelopment (AID) asked the 
National Research Council to create a committee to study fertility and 
mortality levels and trends in developing countries. The Committee on 
Population and Demography, of the Assembly of Behavioral and Social 
Sciences, was accordingly established in April 1977 for thi^e yeai^. 

This giove by AID coincided with a telief among professional 
demographers in the United States in the value of an ex^rt asse^ment of 
the technical problems in estimating fertility and mortality, and an analysis 
of the validity of different estimates. As a result, the committee has taken on 
three primary tasks: ^ 

L estimate levels and trends of fertility and mortality; 

2. improve the technologies of estimating fertility and mortality when 
incomplete or inadequate data exist (including techniques of data 47 
collection); and 

3, evaluate the factors determining changes in birth rates in less= 
developed countries. 

The committee began with the first two tasks, and its first major 





project was to undertake intensive studies of countri^ of particular inter^t 
to institutions and grouj^ concerned with international development, 
particularly countries for which there is considerable uncertainty concern- 
ing levels and trends of fertility and mortality and iWhere there is inter^t 
within the country in the objectives of the committee. These countries 
include: the Philippines, Indonesia, Thailand, Malaysia, Koreaj India, 
Bangladesh, Pakistan, Iran, Turkey, Egypt, Tunisia, Algeria, MexicOj 
Colombia, Brazil, and, as groups, countries in tropical Africa, Latin 
48 America, and the Middle East. 



JIGSAW PUZZLK 

For these intensive country studies, the committee is assembling data that 
may reveal clues about levels and trends. These data include incomplete 
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registration,* age distributiojr^s from censuses or large-scale surveys, data on 
all children borh and children surviving, and any detailed fertility histories 
cbllected from a large sample. Tests of consistency among estimate based 
on difTerent source will be particularly important. 

The intpntion is to view such information ,as pieces of a jipaw 
puzzle that, assembled^ will give th^ best overall picture of denfographic 
levels and trends for a particular country. One expected result is that in 
some countries the fertility levels will be estimated only within rather wide 
rangeSj and the existence of trends may be uncertain tecause of insufflcient 
or inadequate information. 

However, as part of the committee's second task, an effort is being 
made to improve available techniques and devise new on^ that will 
squeeze as much information as pc^ible from existing data, however sparse 
or incomplete, permit collection of data at feasible cc^t, and provide 
, estimates of the accuracy needed. There are only a very few senior scholai^ 
giving primary attention to the improvement of current technique and 
development of new methods for ^timating fertility and mortality from 
scanty data. They ar^ members of the Comjnittee -on Population and 
Demography, notably Ansley Coale, Profe^or and former Director of the 
Office of Population Research, Princeton University, and William Brass, 
Director of the Centre for Population Studies, London School of Hygiene 
and Tropical Medicine, Younger scholars with similar intellectual interests 
are also represented on the committee and staff, and several othei^ have 
been asked to serve on specific country panels or otherwise assist the 
committee. 



SQUEEZlNCf THE DATA 

Efforts to estimate fertility and mortality in developing nations are often 

hampered by an inadequate grasp of how to apply demographic techniques 

designed for use with incomplete data. The usual result is that' information 

from population surveys, registrations ^ births and deaths, and censuses is 49 

not fully u^d as a data source to estimate levels and trends of fertility and ^ V 

•Inmmplete registration refers to the situation in rnany developing nations where not all births 
and deaths are registered, i.e., a birth or death certificate obtained, or at least having the event 
recorded, and the faulting information surnmarized in a civil registration system. 
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mortality« The committee believe its progrMii— particul|tfly the work of 
panels created to cany out the intensive studies, ^d the publi«tion of 
r^ulti and methods^ — ^will serve an incidental educational ptupose, by 
traimrig more demographere and ^^sticians around the world in mathods 
^ of ^timation and data collectionr^ 

THE THAI EXAMPLE : 

Aa aKample may make this point al>it cl^rer ud iUi^trate an int^hi^. 
couritiy study. One of the committee-s panels will make ^timat^ of fertility 
and mortality levels and trends in Thailand. The pand has six monberi, 
including the diractora of three T^ai popul^on institutions. Th^ 
directors will bring selected Thai colleague, includfifl^junior acholars, tp a 
workshop in June 1978. In preparation for the workshop, paitidpants are 
applying demographic technique for using inQomplete or inadequate dato 
to six sets of population data on Thailand: 

1. Population Censuses of 19*7, 1960, and 1970; 

2. Vital rcgiitration— births by age of mother and by birth order, 
deaths by age, for as long a continuous s^uence of years as po^ible, to the 
most recent year pc^ible; 

3. Surveys of Population Change, 1964-67 and 1974^76; 

4. Longitudinal Survey of Social, Economic, md. Demographic 
Change, 1969=73; ^ 
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5, iNlN Worter Evaluation Survey, 1971; and 

6. World Fertility Survey, ThaUand, 1975. 

Ten demographic methods are being applied to these data to extract 
the maximun^ information. Three completed example may be uiehil: 

• The completen^ of Wrth registration wai checked by comparison 
with information on child^n ever available from the 1960 and 1970 
censiim) a meth^ol^y developed by committM Maflr, The technique w 
also to be applied to the data from the second Survey of Population 
Change^ A method developed earlier by William Bra^, a committee 
member, for comparing the birth order oDmposition* of registered births 
against a suitable reference itandard can also be appli^. , , 

• Child mortality was ^timated from the proportion deadf among 
children ever bom by age group of mother, with data taken from the 1970 
Census, the 1974-76 Survey of ftpulation Change, and the 1975 World 
Fertility Survey.^ 

• Recent fertility was ^timated using maternity histoli^t from the 
World Fertility Survey, the Longitudinal Sui^ey, and the Field Worker 
Sun/ey. Fertility was also ^tin^ated for earlier time periods for ramparisons 
with other source. The maternity historic were examined for erroi^ in 
dating events when women answer questions about the history of all births 
they have experienced.® 



DATA GATHERING 

The committee is also preparing a simple "cook book" manual on the 
application of methods currently available for making estimate from data 
that are either incomplete or inadequate, or both. There are about 

•Birth order oompofition is the dUtributiod of births in a given time peri^ (usually one year) by - 
birth order— some are first births, some ^^nd births, some eighth births, and so on. Obvioudy, 
the distribution will vary ronsiderably among age groups. 

tProportion dead rcfen to all children bom alive but who sut^uently died, exprefflrf as a 
proportion of all live births. For example, if among IflGO live births, 200 die within their ftret five 
years of life, the proportion dead at exact age five is 0,20. 

|A maternity hii^ry is a record of pregnancies that a woman has ex^rien^, including 
information on date of birth or other outcome, sex, piill living or not if a live birth, and so on. 
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i^rateen method, r^^u^ bom analytis of distiributioii^ by ittiUa 
p^Umtion methods to of the nimibm 

by duration of mmrrimfe of motha^, and to mnalym ^ date m 
i , ' oiphanhMd and wi(^whMd as repon^ in caxm^^ OF 

How the data are gathmd is imelf m impor^t aspect making 
Mimat^ of levels and tren^ of f^^U^ and mortality in the roun^^ 
studied by the bommittM. If, for ei^mple, the infomiation ^A^^ in a 
mrvmy or censiis is b^ed on an inad^uate sample w imludes poor data 
be^ise ^ madeqiurte int^viewer tmiiung or inaorafMe M^dations 
among or more lan^iag^ in a country, thm the ^timat^ made horn 
such information pr^mbly will have erro^. Tunilng the proo^ amimd^ 
. s^metim^ the addidon or substitution of a miaU numb^ of simple but 
specifle qumions can geiMrate data from wMeh a great deal mn be learned 
atout fertility and moitali^ pattema. In the 19Q0^s, William Bras showed 
the po%ver%r ^timation puqios^ of ask^g simple qu^tims in surveys and 
census^ on the number of children bom alive and the numbei^ sun^ving^ 
by sexi Th^ are now refeired to m "Bra^ qu^tion^" and are used 
frequently but not uriivefi^ly in mrveyE and c^^tM^ in coun^^ lacking 
complete re^stration of births and deaths. 

Given the importarice of date rollecdon related fertility and 
mortality ^imationj/the Comndttee on Population and Dem^raphy 
created the Panel on Date Collection, chaired by William Seltzer, A^istant 
Director-in-Charg^, Demographic and Social Statistics Brwch, United 
Rations Statistical OfflcCj and a member of the oonuiuttee. This panel 
include three other committee membeii and four scholai^ with extensive 
experience in. data collation in developing nations. For example, one 
member is Jacques Vallin, who brings to the panel his experien^ with the 
French demographic community's approach^ to date collation for fertility 
and mortality ^timation. The objfttive of the Panel on Date Collection is 
to assist the Committee on Population and Demography in its task of 
developing recommendationa in the improvement and standardization of 
52 technique for the ^timation of fertility and mortality levels, trends, and 

patterns in developing countri^. To this end the panel will focus on 
methods of improving the accuracy, coverage, timeline, and reliability of 
such estimates through improvements in the collection of underlying data. 
The methods may range from improvements in date collection procedure 
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that can be mjipUed imtiiadiately to Img^tirm proc^^ that many 
yMii ta bring sAtofawtfid opemtion. 

As an initio itepj the ^mel if preparing a document re^d^ving 
lation ^cisuii dvU re^u^ation, wd sample surv^ experienoe. This 
will be a Aat^^f^the-art rc^rt on amiable proc^ur^ and problems of 
tpedal relevanpe to the ^timation of fertility and mortality. The work will 



1. baned^gn^ pollactimpFa^^; 

2. organiiiational rontext; 

3. qu^tio^aiFe content and d^i^; 

4. staff seljecdon, training, and superviiion; 

5. metfoqs Of proofing, including editing and tabulation; 

6. ntethoda of itorage and di^munation; 

7. qualityittntel and evaluation procrfuiei; and 

8. r^ourde and cost considerationi. 



The Committee on Population and Demography is coordinating its 
work with other units in the National Reseach ^uncil on topia and 
activiti^ of mutual inter^t and concem; for example^ a 1978 lymposium 
by the AMembly of Life Scieno^ on cbntraceptive technolo^j a study by 
the Institute of Medicine on health needs in Egypt, and a study by the 
Commi^ion on International Relations on populationj health, and 
nutrition. 
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f REHABILITATION IN CRIMINAL JUSTICE 



""CrinUQiLl juadoe polici^ Have been tk^ f^ms of Gonaider^le rontrover^ in 
recent^^^ars. Oftm the policy choice turn on a^umptions about human 
bdia^oil as well as on qumions of value. For example, the cla^c 
philoeophical iasue of the justi^ of punishment might be answer^ in 
Kantian; tenns^ that retribution is an- end in iMlf. But it can ^so be 
- jwtifiecl [m utilitarian tmtmi that punishment has a daterrant or 
rehabilitative effect on hiture beha^dor; or both. 

Tha utilitarian ^4ew pr^imiably ^requir^ proof of instrumental effect. 
. But the debate over such i^u^ is often idTOlpp^s with the r^ult that key 
assumptions about behavior tend to be ol^cured or treated as matters of 
conventional wisdom rather than as hypothes^ that need to be tMed. 

Addr^sing th^e behavioral .a^mptioi^ has been the task of two 
panels of the Gommittee on R^arch on Law Enforcement and Criminal 
Justice of the Assembly of Behavioral and Social Science. I^e Panel on 
R^earch on Deterrent and Incapacitative Effects has complete an 
analysis of methodological underlying the me^urement of some 

effects of sanctions policies.- The Panel on R^earch on Rehabilitative 
Technique is now reviewing the methodolopcal problems involved in 
evaluating the effectiven^ of correctional rehabilitation progranis. The 
following is a discussion of some of the issu^ teing considered by the latter 
panel. 



THE PROBLEM 

A brief overview of the debate is ntfcesary to set the context of the problem. 

For many years, a philosophical commitment to rehabilitation has 

dominated correctional policy in American criminal justice. This rammit- 

ment is seconded by the theory of rehabilitation that aolds that an 

individual's pro^nsity to repeat criminal behavior can ba controlled by 55 

"treatment." However, crime rat^ have been increasing adU reddivism 

rat^~the traditional measurement of succe^ or failure in corrections^ — 

- ..... . i 

remain high, The r^ult is that the goal of rehabilitation is being seriously 

challenged. 

The nature of the "treatment" involved in rehabilitation programs can 
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vary coiiMderably. Soma pMple view criminal behavior aa a ^s^se or an 
^Ln«, and have therefore deAn^ rehabilitation as a way to "cure'' the 
cruAtnal oflTender ®f his potential for' c^rinunal behavidr. Others sea 
rehabiUtetion more as a' foiro of specific detemnce in which^e tt^bnfflt 
prc^ram is d^pi^ to change, or corfrct, the behavior, whatewr causa* 
The former^ often railed the "m^cid model" of rehabilimtion, raUi^ 
primarily "on a variety of individual and group therapy pn^mn^ rwpng 
from traditional psychoanalytic therapy to encounter graipi. The spe^flc 
^tarfoioe approach Irans mona to^wd behavdor modUfloition twhniqu^. 
The poinrof behavior modiflcatiopi l^ib rnanipu^ the nK^dvatioi^ of a 
group of individuaJ^_byrrtrffc5uring in^ntiv^ to, encoui^ga a stable 
coganhunhy. Between th^ two approaches— that of ihe m^c^ model and 
of specific deferrence— are progr^ris dempied to remedy defecli in tha 
indi^idttal-s educational backgrouna. Th^ mnga from remedial tmining 
m reading and other learning skills to job training. f 

The medical model and spedflc deteirencc are both rejett^ in the 
cuiTent controveray over the effectiven^ of rehabilitation. Behavior 
modification has been attacked as a punishment that disguise i^ coercive 
functions by cloaking them in the mantle of ^ience; critics argue that this is 
an attempt to legitimize punitive technique and is therefore a form of 
scientism. The mediral mpdel of rehabilitation is rejected on the grounds 
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that eopi^ulipiy therapy violate individual righte and deprive both the 
^^pB^T and jodety of **just d^rte," Thu^^^^^^^^^tv^^ rehabiltot^ 
fechniqu^ are being challenged not in sdg^tiflc tenhs, but becau^ their 
aims are not crasistent with what are argued to be the proper ^ali of the 
justice wywimi. , ^ 

ANALYSIS ^ V i 



But underlymg this de^te over valu^ is the lowing belief that 
"rehabilitationj" ho\^ver deflned, is not working. And this statement— 
Xiiriike ar^ments over the proper goals of the justice ^^em— is, in- 
principle,, Object to scientiflc inv^tigation. Unfortunatelys wen a cursory 
review of recent literatu^ on coirections indicate that reliable knowledge 
about the effects of rehabilitative technique is diffloilt to obtain. Almf^ all 
studies of the results of various treatments lack experimental validity, 
largely because th^ studies are done in "■real^^ settinp where scientific 
methods are easily, often nece^arilys compromised, A re^nt review of th^ 
studieSf which are mosdy evaluations 6f rehabilitative programs, has 
concluded: -"With few and isolated exceptions, the rehabilitative efforte that 
have been report^ so far have had no appreciable effect on recidivimi."^ 
This review itself is now a center of controversy among policymakeis and 
researchers inter^ted in rehabilitafion, . Policymakers are cor^idering 
whether rehabilitative programs shoiS^^ be continued, changed, or 
terminated; while r^archers are debating the validity of conclusions 
drawn from admittedly inadequate studies. 

The Panel on Research on Rehabilitative Technique was ^tablish^ 
to clarify the difflculti^ of measuring the effectiven^ of treatment 
programs, to review existing evaluations to determine if they can provide 
reliable knowledge about the effectiven^ of rehabilitative technique, and 
to reconmiend methodological strategic for evaluating treatment pro- 
grams, 

BARRIERS TO KNOWLEDGE 

A variet)^ of complex, po^ibly intractable^ problems makes it difficult to 
obtain reliable knowledge about the effectiveness of rehabilitative tech- 
niques in corrections. 
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V,.- . . . ■■ . 

The first kind of problem aris^ bemuse of the itiititutional siting in 
which most rorrectional progmms are attempted, ^nie iiistitudon is 
n^^arily a coercive one— a prison. Voluntvy pardcipadon in pn^iMii, 
usually important to the Ic^c of the "treattnentj" is often iUusory^ rince 
pardcipadon is undetitandably aquated with coo^pemdon ud ii therrfoi^ 
pe^^iv^ by inmate as a ttepping stone to early ^u^la. In adcQdon to 
ambiguid^ abo^t modv^, rriearch in prisons mn be contwunat^ simply ^ 
b^aUse it is difficult t& separate out the effect of rehabiUtadm from those 
"■^ of punktoient. Avenive condidoning in tehavior inodificadon pr^mms 
may be sound in thraiy and even acoaptable in prance, and may also 
produge raoperadve or otherwise "rehabilitated" tehavior by inmate; but 
whether the induct behavior is the r^ult of punishment or^of rAabilita- 
tion is not clear. It is nece^i^ to separate out th^e effec^^ because, for 
exMiple, programs t^at have useful short-run r^tdte— e.g., the prisoners 
are more docile— 'may be adopted even though there a^e no lasting 
influence on postprison behavior. 

R^arch that tak^ account of th^ kinds of problems has not been 
undertaken, in large part because it must be done with the oooperadon 
(and often the funding) of prison admii;iistratoi3, who, as a p0Up, have a 
narrower inter^t in the use of r^arch and evaluadbn. In pardcular, there 
is the potential for conflict between the two goals of rehabilitadon and 
prison stability. A department of correction or a pardcular prison 
administration may adhere to the overall goal of rehabilitation and may 
even be very supportive of developing treatment programs in the 
institution; but the us^ of th^ programs may be different from or even be 
inconsistent with rehabilitation. The most prying institutional goal is 
always stability, and treatment priDgrams sen^e that goal very well: they 
keep inmates occupied, focused on pereonal problems rather than on the 
world outside, and generally pi^lfled by the attention paid to them by 
virtue of th| "treatment." In such a situation, .treatment programs tend to 
adapt to the institutional goal rather than developing the inmate's capacity 
58 to maintain a normal and lawful life outside the prison. Using recidivism 

rates to measure the effectiveness of such programs is not a valid t^t of the 
effectiveness of rehabilitation. 

Another institutional constraint blocking sound evaluation is the lack 
of fit between treatment programs and the rehabilitative needs of inmate. 
Most prisons have neither the resources nor the incentive to mount a major 
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diE^gttic effbrt/ Furthermore, institutions normally do not command tfia 
vmriety of ddlb n^^mry* to oflfer differant treatmen^« Onee a particular 
trantinent pumjMfie cumncy, an institution is likely to oonmut all or most 
of its available resour^ to it rather than Mablishing a variety of pro^w^. 
Consequently, there is little effort to determine whether a paniculiu* i^miate 
is amenable to the tt^ttnent progruns being offerKi, with the r^ult often 
being a poor fit be^v^n a prisoner's n^^ imd the treaone^t proptim. 
Evaluations of the relationship tetwi^ii participation in such prop'Mf^ and 
recidiviffli " again cannot provide a v^id t^ of the eflectivmte of 
rehabilitation. ^ 

The problems diseased so far are root^ in institutional ranstfaints. 
Some of the most interesdng effort at rehabilitation in recent y^u^ have 
«been noninstitutionalj including work releaie programs, various forms of 
small-group homd, aiid community support programs aimed at helping the 
former inmate adapt to the outside world. Evaluating the eflTectiveti^ of 
these programs outside the prison al^ has its own and distinct probt^ns. 
The chief difflculty in separating out treatment effectt is the difflmilty of 
controlling for all the variable that affect individual behaviorj including 
family and group interactions, availability of school or employment, and 
many other factors. Existing studio suffer from serious methodologies 
defects that could be mitigated if programs were deigned and implemented 
properly. 

Finally, it is nec^a^ to consider the broad qu^tion of what outcome 
are appropriate m measure of succ^. The emph^s h^ always been on 
recidivism rates, for the obvious re^on that rehabilitation means that the 
offender will not return to crime. There are many problems in measuring 
recidivism, however. For example, data that are available from nonnal 
reporting source— police, prosecutors, court records^arc not standardized 
across jurisdictions with r^pect to any definition of what counts as a repeat 
offense. This is a generic problem that is compounded by variations in 
recording and reporting procedure, law enforcement practic^j and 
individual perceptions of the relative ^nousn^ of deviant acte. Other 
factors J such as defining and standardizing the appropriate lengths of time 
to be used for follow-up oteervations, contribute to the problematic nature 
of recidivism rates in measuring the effects of treatment propams. 

But if recidivism riites are not usedj what outcome do indicate succ^ 
or failure? Some would argue that institutional goals of stability and 
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hunianen^ ihould dictate the measum to be us^^ b^miM thoe g^Us are 
im^rtant in them^lv^ and progmms that achieve thrai should not be 
diiraiidnued on other p^un^. It is also argu^ that a complete turnabout 
^ in behavior is too much to expect in most cmBeB^ and that 1^ d^Mtic 

effects should be m^sured and coniider^ in determining the suco^ of a 
propam. 

In any case, selecting a particular outcome to meaiure the mul^ of a 
rehabilitation program is as problemadc as the qu^tion of reha^itative 
effectivene^ itself. R^earch on rehabilitkdve technique is still in an early 
- stage of development. The purpsse of the Panel on R^^ich on 
Rehabilitative Technique is to clarify th^ complex methodol^cal issu^ 
and to identify t|ie m^ fruitful avenues to follow in order to advance our 
knowledge in this field, . k - 
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Innovation in new products and service ii central to. the proc^ by which ' 
an economy grows and renews itself. AlsOj technological innovation is an 
importajc^t element in international trade and the balance of payments. 
Innovation and productivity are closely interlinked^ ^ c^t r^uction and 
efficiency gains arise mainly through innovations in methods for production 
and distribution. Innovation is also required for progr^ with i^^ of great 
urgcnty for the United Stat^— energy and materials r^urc^, the 
environment, health and health care delivery^ transportation, and many 
otheis. Opportunity for application of science and technology wis never 
higher. 

The national capability for innovation is a legitimate matter for public 
conecm. The public is the ultimate beneflciaiy of technolopcal innovationj 

•This artide is bsimd upon testimony printed at joint hearings of the Senate Subcomnutt^ on 
Sden^^ T^hnolo^i and Spa^ and the House Subconftmittee on Sden^, R«arch, and 
Technology, Febnia^ 14, 1978. 



N. B. Hannay is Vice-ft^dent, R^^reh and Patents, at Bell l^boratori^. Foreign toretaty of 
the National Acadony df Engin^ring, and Chairman of the AMcmbly of Engin^ring Committee 
on T^^nological Factors Condributing to the Nation's Foreign Trade Position, 
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and the public will be the lesser if there is^any d^^e in our capaci^ for 
innovation. Most of this innovatipn must come from indu^. 
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THE PROBLEM \ ^ ^ 

TTie h^dline over an article^ in Businm Wdik read: -T^e Bi^kdowi of 
U.S. Innovation*" Anothei^ calM attration t^ "TTie Silent Ctim m MD/' 
In a report^ to t^c U.S. Senate, Gilpin opep^ with the itatement that 
"tachnolpgical inriovadon in the civiHan indt^ittjal sector of our economy is 
at a critical point." Jean OimpeH stat^, "Ttie^TOllapie of UJ. innoimtion 
will bring down U.S. society." Th^ are ominoip declarations. 

^ Certainlyj there arc incre^ing uncert^ti^ in industrial r^earch. 
compani^ feel that there are decreasing incentive for inmwadon. 
The climate for innovation is 1^ hospitable. This include not only the 
economic climate, but also all the incentive and the banters that are 
^ intentionally or unintentionally supplied by a range ,of government 
activiti^ and iaten^entions in the proc^ of tr^mlating science into 
application. I believe that it is a matter of national nec^ity to strengthen 
the U.S. innovative capacity. Fortunately, national attention is finally being 
given to the p^blem.^ Unfortunatclyj national actions and policies remain 
a major part ol the problem. . ^ 

What are the signB that indicate this decline in our itmovative 
capacity? Some are to be found in the various me^ur^ of the U.S. economy, 
and the role technology is currently playing in supporting its growth.^ The 
gnpwth rate^f the Grc^ National Product (GNp) h^ been lower than that 
of other industrialized couhtritt. The rate of increase in productivity is the 
lowest for any of the major industrial countrig, and is at its low^t level in 
one hundred years. Busing investments and trade flguf^ also reflect this 
lower growth rate. 

U,S. total R&D (all funding source) in current dollars totals an 
impre^ive $41 billion ^^'^^ continuing its strong upward trend; this is 
more than double the 1965 figure. In constant dollars this reprints litde 
Of no change over this period, however. As a ^cent of GNP, it sho\\^ a 
strong decline from its peak in 1964 and no longer leads other* countri^. 
Moreover, a jubstanti^ part of the U.S. R&D gom to defense and space, 
whereas relatively little does in such countries as Japan and W^t Germany. 
In 1977, u.s, industry will have s^nt $17.5 billion of its own funds on 
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research and developi^ent for commercial markets. However, in constant 
dollars there has teen a small decline in the last few years. 

This $17.5 billion is highly concentrated, with some eighty-five percent 
of the R&D expenditures in just six industries— ^ec^rical equipment and 
communications, chemicals an^ allied products Vincluding pharmaceuti- 
cals), machinery (including computers), motor; vehicles, aircraft and ^ 
missiles, and instruments. Only thirty-five companies spent SI 00 million or 
more on R&D in The top fifty companies in R&D expenditures 

accounted for oyer three-quarters of the industrial total, and the top four 
companies for nearly one-quarter of the total. Company-funded R&D, as a 
percent of sales, shows substantial variation. Some five industries, often 
called *'high technology,'' are in the three to four percent range or higher 
(aircraft and missiles; electrical equipment and cornmunications, instru- 
ments, chemicals and allied products, and machinery). At the other 
extreme are companies showing only a few tenths of a percent, or less. 

Thus the gross totals for industrial R&D are mainly the result of a few 
industries and companies with substantial commitments to R&D, while large 
segments of industry contribute little. 

Basic research is even more concentrated, with two-thirds of the 1974 , 
expenditures in just two industries (chemicals and allied prcxluctSj electrical 
equipment and communications). The total basic research funded by 
industry is around $600 million, representing a twenty-three percent 
decline in real spending over the last twelve years. At the same time, 
national totals for basic research hai^e held essentially constant, so our 
concern is directed to the industrial, portion. 

The U.S. balance of trade is favorable in industries that are R&D- 
intensive, and it is unfavorable in industries that arc lot. Products in the 
deficit area included motor vehicles, textiles, and metals, among others. 
Computers, machinery, aircraft, chemicals and drugs, and electrical 
equipment contributed on the positive side. 

Numbers don't tell the whole story. We must look also at the quality of 
industrial R&D. Innovation is of several kinds. There is incremental, or ^^'^ 
''nuts and bolts,'' innovation, and while this can be worthwhile, it isn't very 
exciting. A substantial part of this is aimed at process improvements, and 
this is useful and understandable in ^ese days of high costs. 

Howev#, much of the product work is basically little more than 
produc t dillereutiation. Many companies do nothing more and not only 
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survive, but flourish. But innovation at this level will hardly move us 
forward to new levels of s^ial well-being, npr will it add significantly to our 
economic strength.^ Its main purpose is to achieve a favorable shift in 
market s;^harej or to counter a similar move by a competitor. 

More fundamental innovation results from major technical advances. 
The transistor, synthetic fibers, antibiotics, Xerography, the digital 
, computer, the Polaroid process, and the laser are examples. In such cases, 
there is a quantum jump to a new level of technological accomplishment, 
and major economic or social benefits flow from the innovation. It takm an 
inspired idea to start the process and, usually, a great deal of sustained, 
dedicated, organized eflTort to turn the creative idea into a practical reality. 
Yet this is where the rewards are greatest, for toth society and the 
organization that makes the innovation. It is here that U,S. industrial 
research has accomplished so much, providing the impetus for our 
industrial progress. 

The central issue is the decline of the U.S. industrial research capacity 
for this sort of fundamental innovation. Important innovations for the 
civilian sector often are the result of a commitment to R4&D in which the 
* reward comes in the long term. But, only a few cqmpani^ in a few 
mdustries are willing to support basic research and take the long-term view 
that is needed for major new innovations. In much of industry the R&D is 
directed to short-term goals. Thus, even though industry funding of R^D is 
substantial and growing, the commitment to fundamental innovation is 
absent or ha&*declined in broad segments of industry, - ' 

rhe innovation process is full of risks. It can be expensive. In the 
innovation of major new products, R&D may amount to less than ten 
percent of the costs. The expensive part of the innovation prccess is not 
invention, but engineering, tooling and start-up for manufacture, and 
market development. Should one then conclude that R&D for this kind of 
mnovation is not worthwhile? I would draw the quite difierent conclusion 
that fesparch and exploratory development, which provides importaiit 
()() options for innovation even though not all of them are carried through to 

completion, is a bargain. However, the payoff' is most often in the long term. 
Many companies find major innovations to be le^s attractive today 
than they once did. Despite the fact that the R&D is not a major part of the 
cost of such innovation, it still costs something. When management has 
decided that, for any reason, it is less interested in major innovations, then 
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forward-lTOking, risk-taking, long-term R&D suffers. Ihere has been a 
significant and alarming decrease in the willingness of industry to 
undertake and support the kind of research that has the least certainty of 
success but the greatest potential payoff. Not many of our industrial 
contemporaries are talking' about exciting new major discoveries that they 
think will change the world. The outlook has become more focused on 
defensive activities. Admittedly, there are strong forces working again||f 
$ innovation and the research that leads to it. But, in my view, industry 
should not succumb to these, and the government should give high priority 
to reducing these negative forces. 



THE RKASONS 

There are several reasons for this change in the character of industrial 
research. First, and most important^ are a number of related financial 
factors. Inflation and the cost of money has made it much more expensive to 
undertake RSlD and tc) launch new ventures, and this had led compani^ to 
concentrate research efforts on cost-cutting activities— cheaper manufactur- 
ing processes, lower cost designs, labor-saving production methods, and so 
on. The high cost of capital for investment in new plant equipment mearts 
that a very high rate of return is required for an innovation to pay for itself. 
A substantial part of the capital that is available for investment in new 
plant is being committed to pollution control, and there is no financial 
return from this. Most important is financial uncertainty, stemming from 
high and rapidly changing inflation and ^ interest rates, changing tax 
policies, ari^ concerns about other elements of costs and markets. > 

Uni^ the innovation is expected to be profitable, it won't happen, A 
key^pn a ract eristic of major innovations is uncertainty, both in the R&D stage 
id in creating a new market. If to these uncertainties is added an 
^^gjicertain financial climate, the risk is correspondingly greater. The safe 
course, many think, is to adopt a defensive position, risk as little as possible, 
and seek to hold market share while keeping costs to a minimum. This leads 
to a strategy that concentrates on incremental innovations, where start-up 
costs are relatively minor. The financial advantage is much more certain^ 
though smaller, and the return on investment comes sooner, though it is 
lower. Many companies have moved in this direction, including some with 
impressive past perfornmnces in innovation. 
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The unfavorable financial climate also discourages formation of new 
venture companies, most of which are based on an innovative idea. In 1972, 
there were more than one hundred such technical companies going into the 
market with new issue underwritlngs each year. In 1974, there were just 
four, and in the first six months of 1975, there were none. 

Uncertainty over possible changes in tax law plays a part, also. Some 
proposals being advanced would make investment in innovation even less 
popular. 

7%^ Economist (of London) saidj ^'America is set for industrial senility 
unless its industrial investment rate goes up/' That rate is now the lowest of 
any indnstrialized country, including Great Britain. 

There are other government policies and activities relatmg to 
innovation. One is support of research. The federal government has, since 
World War II, funded most of the basic research in the country, largely m 
universities. This federal support has, of course, provided a firm foundation 
for all applied science programs, both federal arid industriaL Industry 
strongly Mjpports federal sponsorship of these programs, 

^^^^ federal government has also successfully sponsored applied science 
in siipport of its own missions, notably defense and space. More recently it 
has sought to afftct civilian technologies directly through support of applied 
science. But this is a different matter; here the government is^ succ^ful. 
The pluralistic nature of the federal government nmkes it di^ult to agree 
on priorities and common purposes. Lacking the close coupling to the 
consumer that is provided by the marketplace, the government has no 
feedback mechanism to tell it what is succeeding and what is failing m 
choosing and managing R&D for commercial markets. A private enterprise 
has to be reasonably efficient at satisfying the market, or it soon goes out of 
business. 

Another probtcm with government R&D and commercial technologies 
is that there is some teiidency for private industry to reduce its expenditures 
in areas where government funding is increasing. To the extent that this 
occurs, it becomes merely the taxpayer paying for the R&D, instead of 
private industry. CioveriHuent R&D spending obviously should complement 
private spending, not replace it. 

Regulation clearly has an eflHect on innovation,^ and the effect can be 
either positive or negative. An example of a positive effect on innovation is 
the new technology for polhuion contrul that has resulted from environ^ 
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mental regulations. Regulation has a negative effect when it diverts R&D 
funds to work designed only to meet regulatory requirements and involving 
no significant new technology. In many industrial R&D programs, the 
portion of the budget allotted to meeting regulatory requirements is 
generally unproductive with respect to innovation. 

The drug industry furnishes an example of regulatory impact. It is the 
mdustry which leads all others in terms of r^earch as a percent of sales. Yet 
the number of new drugs marketed each year in the United States has 
decreased by a factor of four in the last twenty years. At the same time, 
there is no shortage of ideas for ne^ pharmacologically active substances. 
The discovery of novel structure-activity relationships is no le^ frequent,^ 
The introduction of new drup has not fallen off in Western Europe, 

There has been an enormous increase in this twenty-year period in the 
effort to meet FDA requirements, which govern the methodologi^ for toting 
drug safety.'*^ As an indication of the* way these hSve changed^ in 1938 an 
application for adrenaline in oil was presented in 27 pages. In 1948 an 
expectorant was described in 73 pages. In 1958, 439 pag^, in 2 volumes, 
were required to describe a treatment for pinworms. In 1962 an oral 
contraceptive application ran to 12,370 pages, bound in 31 volumes. By 
1972 a skeletal muscle relaxant involved 456 volumes, each two inches 
thick— seventy-six feet in total thiclmess and weighing oi^ ton. The time to 
get a drug to market has greatly lengthened, and the cast has risen 
dramatically. 

Nopm would argue against the need for drug safety and tight tesdng 
and reporting requirements. However, consumers are also vitally interested 
m the innovation of new drugs. At the least, it is jime to reexamine the 
balance between the rate of innovation and safety standards. As stated in 
Bimness Week,^^ "regulation itself may become the nation's most serious 
health problem.'' 

It IS not regulation that is the issue'. Rather, it is the imperfections of 
the regulatory process. Regulations are promulgated when the sciendfic 
facts are still unclear. When they do become clear, there is often no way to 
turn back from an^ ilUadvised regulatory action. Regulations ignore 
economic logic when enormous additional coste are required for a minor 
additional benefit. Delays are introduced into the innovation proc^. The 
impact on innovation is generally not considered in setting regulations. 
Amitrust threats inhibit ^.^tain activities that might promote 
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innovation, Cooperati%e research between companies is effectively barred, 
as few company law>'ers would let their firms assume the risk. Antitrust 
relief could encourage firms too small to sustain separate fundamental 
research efforts to undertake cooperative basic studiers, or it could foster 
cooperation between companies with complementary talents. Also, we are 
now witnessing an assault on some of the most innovative private firms, 
with the goal of altering' their e-ssential structure^ which, of course, has been 
central to their innovative success. 

Patent policy is central to innovation. In one important respect^ it is 
icounterproductive with respect to innovation. Federal contracts for R&D 
generally require that any patents that flow from the work be available to 
all. The idea is that since publicly funded R&D led to the patent, everyone 
should bcr able to use it. The trouble is that what belongs to everybody is 
usually of interc^st to nobody, because the much larger investments 
necessary to n^nufacture and develop the market for a new product are ^ 
unlikely to be rewarded by a satisfactory return on the investment, in the 
absence of an exclusive license. The result of patent clauses in federal 
contracts for R&D is that many patents that might otherwise be 
commercially exploited are unused. > 

Tax policy at present is mostly neutral with respect to innoviition, 
providing some encouragement as well as some discouragement; but there 
are pressures to make it more negative. Some of the relevant tax issu^ are 
the treatment of capital gains, investment credits, depreciation, and the tax 
treatment of R&D expenses in multinational corporations. Our internaitional 
competitors use tax incentives as a stimulant^or innovation. 

There are some other reasons for lack of faith on the part of industry in 
long-term research payoffs, unconnected to federal actions and policies. 
One is doubt about the apptopriability of the research. The firm paying for 
it sees the possiblity that its competitors will be able to take advantage of 
the research almost as fully as the firm itself— without paying for it. But 
there is a strong counterargiiment. Basic research supplies background 
knowledge in the fields of interest to the firm. If it is published in the 
scientific literature, it does become available to the firm's com^titors; 
however, only the people who actually d^) such research can have a full and 
early appreciation of its implications and potential value. Also, they are 
better coupled to academic research and in the test position to take 
advantage of its findings. ^Vhen the long-term research suggests mvention, 
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there is lead timejor its e.^pJoitation. The patent system provides ownership 
of the intellectual property created in the invention. 

Many studies have attempted to correlate growth with R&D, What 
seems to be rather generally true is that those industries which are R&D- 
intensive are thefones with the most rapid growth. Rates of return on 
investment from specific product innovations are estimated to average 
between ten and fifty percent per year, while returns on innovation leading 
to productivity growth are in the thirty to fifty percent per year range. This 
sounds ample, but vdth present money costs and inflation rates, it takes 
something like this to be attractive. 

T 

THE REMEDIES 

There is a legitimate role for the federal government in stimulating 
innovation, but it is not the one most frequently proposed in Washington, 
The usual proposed cure for the inhibiting effects of government 
interventions in the nWket system is further interventions. The most useful 
thmg the federal goverfjment could do is to stimulate the private sector to 
invest its own human and financial resources in innovation. While the risk^, 
uncertainties, and costs of innovation have been increasing, there ha5 been 
no compensating increase in incentives for undertaking innovative 
activities. I he major thrust of policy intended to stimulate innovations 
should be on the produ^on and marketing stages, where most of the costs 
and risks falk \, 

One of the most important elements in the relatior^hip of government 
and industry is uncertainty. Changing government attitudes, policies, and 
regulations create a climate of uncertainty. The net effect is a shortening of 
the time scale on which a business makes its plans. But a long-term outlook 
IS required for the process of transforming basic research and invention to a 
marketed product or service, and a heavy investment, both expense and 
capital, is mvolved before there is any return on the investment. If there is 
doubt as to whether federal actions will change the environment 
substantially before the process is completed, the innovation is not likely to 
occur. 

One of the most important ways the government could foster 
mnovation is to reduce this uncertainty. Although economic instabilities §re 
prohably most important and need primary attention, the provision of a 
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greater degree of stability and vvisdom iti regulation and antitrust is also 
urgently needed. It would be possible to reduce the inhibiting effect on 
innovatfon without km of any essential benefits provided by regulatory and 
antitrust laws./ 

The ^■'pDlems of capital formation and private investment in 
innovation are closely tied to such matters as tax policy, accounting rules, 
subsidies, and loans. This is a complex subject, but it offers significant 
possibilities for the stimulation of private investment in technological 
innovations. 

A mechanism that has been proposed but seldom exercised is the use of 
government procurement to stimulate private investment. Ihis is a 
potentially powerful lever, as the government is a very large buyer of 
consumer goods, health care, services, and so forth. This suggests that 
procurement could be used to provide a market for innovative products by 
reducing market entry risks for suppliers. Exploratory tests of this concept 
look very promising.-^' I'he government gets new or improved products, 
which also become available to the public. There may be a substantial 
savings in cost to the consumer. And the R&D is privately paid for, rather 
than by the taxpayer. Mechanisms like proc:urement are attractive because 
they focus on wliat the government can do with reasonable efflciency, that 
is, specify the result wanted. They do not depend upon wh|^ the 
government cannot do as well, which is to determine the method for getting 
the result. 

Patents resulting from federal R&D contracts could be a source of 
innovation, through provisions for exclusive licensing. 

Selective federal support for R&D for civilian technologies can be 
justified. Criteria for selection might include such characteristics as: a 
highly fragmented industry structure, the need for an R&D project on a scale 
beyond the capability of a single company, the need for R&D to develop a 
technology with little commercial potential but large social importance, 
and a national urgency that cannot he met by privately funded R&D. 

There is a ( lose linkage^ between innovation and productivity, and 7^^ 
productivity gains are important to economic health. 1 he U.S, has higher 
productivity than other countries, although the growth rate of its 
productivity is lower. Any policy that discriminates against investment also 
discriminates against productivity increases, 

I'he advanced technology that increases productivity is concentrated 
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in a few high^technology and/or capital-intensive industri^ and firmSj and 
m agriculture. Many smaller firms, and a number of basic industries, don't 
have the same access to the new technology that allows these productivity 
gams. We need to find mechanisms for extending to these industries the 
productivity gains that are clearly possible. It seems likely that specific 
directions of federal programs could aid in this. One way this might be done 
IS through mcreased support of research and education in industrial 
engineering and manufacturing processes. A federal program of informa^ 
tion transfer to smaller companies would be useful; there is evidence that 
many of them do not know what is possible in manufacturing technology. 
Some of the most significant gains in productivity will undoubtedly arise 
from innovations in the apphcation of computers to the management and 
control of manufacturing processes and industrial operations. 
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Several points deserve reemphasis. First is the necessity for strengthening 
the U.S. innovative capacity in the civilian sector. The health of our 
economy, with all the attendant consequences of increased employment, 
nnprovexl standard of living, and progress in social areas, unquestionably 
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depends upon tais innovation. Innovation is not being given a high enough 
priority at the national level. 

Second, innovation in the private sector will come only if there is 
greater effort on the part of both industry and the government. We cannot 
expect federally guided and funded research to provide the initiative— it 
lacks the focus and the connection to the ultimate user. What can be done 
federall^iB to create a better climate for privately funded innovation. At the 
same time industry has to show faith in its own future. Any industry that 
believes it has a future should be willing to invest something in that future 
and in longer-term objectives. We must ensure that the technological 
achievements of industry in the future are a match for those of the past. 
And, we must see to it that government constraints do not limit the 
application of science for the public benefit. 

Third, we must develop a much higher degree of cooperation and 
understanding between government and industry, AH too often this 
relationship has been marked by suspicion, or even hostility, on both sides. 
This is in stark contrast to the attitudes in almost all other countries. 
Government officials are frequently suspicious of the motives of large 
corporations and believe that industiy is only interested in profits. Industry 
is concerned that government officials do not understand the role of profits 
in supporting the economy, and sometimes seem to act irrationally in the 
administration of re^gulation, antitrust, and other matters that affect 
industry. Industry believes that federal actions create uncertainty to an 
unnecessary degree, and uncertainties force business to shorten its time 
horizons and concentrate its R&D on cost reductions and short-term payoffs, 
rather than on major innovation. 

Progress in these three respects is tjssential if we are to realize our full 
potential for the application of science and technology for the common 
good. We have the R&D resources for this, and the issue is: Will we use them 
efiectively? 
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ICAM 



The development of Integrated Computer-Aided Manufacturing (iCAM) 
would permit the use of computers in all phases of manufacturing from 
design through actual automated man^acture of tools, parts, and finished 
products, including automated assembly and toting, as well as automated 
control of the flow of materials, parts, ^nd products through the plant. 
Over the next five years, the Air Force will spend 875 million on its 
ICaj^ program, whose goals are: (1) to demonstrate that computers can be 
integrated in all phases of manufacturing aircraft (beginning with airframes 
and engines), thereby improving the capability of aerospace and related 
industries to meet U,S. defense needs; (2) to use what is learned to sugg^t 
ways to transfer icam technology to other ti,s. industries; and (3) to show 
that ICA_M will enhance manufiicturing flexibility and reduce costs. 

BATCH WORK 

Tiie Air Force is particularly interested in computer-aided manufacture of 
aircraft because of the high costs of relatively small production runs typical 
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of aircraft, as compared with the mass production techniques that prepuce 
hundreds of thousand of assembly line autombbiles each year. Perhaps 
seventy^five ^rcent of all u.s, manufacturing is done on production runs of 
fifty items or less and is typified by frequent product changes. Computers 
could mtroduce effldiencies into batch production that are now only 
attainable with ma^ production. In a computer-managed system, the 
changeover costs' of switching from one product to another could be greatly 
reduced. For ekample, the computer can be armed with automated tooN 
changing devices having a bank of sixty or more tools. In *-a computer- 
managed^parts manufacturing system, the usual concept of an economic 
batch size does not apply because thq setup costs are exceedingly low. It can 
be efficient to run a *batch' consisting of only a single part. Since the 
batches are small, the cost of holding in inventory parts that are either 
finished or in process becomes almost negligible,''^ 

Other economies also result; " for example, while a conventional 
machine may be cutting metal three to ten percent of the time, a computer- 
rpariaged syite^ inay be cutting metal more than fifty percent of its time. 




Huilt by thv Mundshpiul Cloi poration, this U.S. plant mcs a compuirr to conhol the tnachl 
ing of parts for hoiHts and winchtjH " 
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AliD, with functions, tolerant, and t«ting for errori guided by a 
computeri it may be^^ibla to s^ml. the parts manufacturci shortening 
praduction rura. , ' ^ 

It muit be saidj hovvavei|, that computer-aid^ manufacture is still 
primitive OTmpar^ to expectations^ While computer-managed tools are 
rammon (for eicMapIe, the OTmputer-controlIed boring of hol^ in an engine 
block)i eotire »embly lines manag^ by computers are not. Intepated 
K systems of the son envisage by the Air Force do not yet exist, although 
there are plans to build such systems. Japan, for example, is planning a 
fully automated factory OAt is eipected to cost $100 million. But, the fact is - 
that the level of automaTOn is still limited to control of single nMichin« or * 
of several machines doing similar work* In a sensCi today's automation is 
not much more advanced^than the entiieh^^automate^ continuous flour mill 
Wilt outside Philadelphia by Oliver Ej^Ss^in 1784 or, more apUy, the 
automated loom coritroUed by punchtn paper cards that a Frenchman, 
Joseph Marie Jacquard, built in 1801 and then succ^fully commercialized 
in France.^ 

Mass manufacture, while highly automated, is relatively inflexible. ' 
Batch manufacture demands flexibility and rapid adjustments to cope with 
product changeovers and variations. The leitmotif of r^earch on computer- 
aiddd manufacture has been^^and still is— to supply flexibility and 
adaptability. Results already include improved control of machine 
movements, permitting control over complex operations that reqnire toth 
straight and angular^ movements," automatic tool changing, and simpler 
editing of the parts manufacture program. The latter improvement— a 
closing of the g%p between production d«ign and machine performance— is 
now at thq center of considerable r^arch on computer naanufacture. 

The transition from punched tape to computer TOtructioiis has made it 
simpler to define mat^matically computer-controUed movements, ThiA, 
rather than write out each joint angle for the movement of a particular 
machine, it bedomes p^ible to say, in language suited to the computer, 
what you want the machine to do^ and then let the computer instruct the 79 
machine. f 

The linguistic eflbrt, however, must be seconded by a kinetic one^ — a 
freeing of automated manikacture from its rigidity, whereby computer- 
controlled took are lirhited to wotking on stationary, prep^itione^ objects 
always printed to the tool in exactly the same way. The technology 
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remair^ one of limited programmable device limited to. ipecifled 
movements inflnitely repeated. What is now njeeded, and a^ain theWbject 
of rmarch, is to give the computer-controlled machines the ability to sense 
and r^pond to the environment in which they're working— to feel the 
parti, eventually to see them, and then to apply their senso^ talents to 
reject faulty parts, to turn and fix workpiec^ into proper p^ition, and so 
on. The addition of seniors and the simplification of the ste^ by which the 
computer receive and applies instructions to machine under its control are 
now the major efforts in research on computer-aided manufacture. 

It must be tinted but that the sophistication is already enormous, 
eveDfc if the actual level of complexity is limited largel)i to individual 
machine. Several factoriej^ have been built that intensively employ 
automated equipment in the production of machined parts. Po^ibly t^e 
most ambitious, according to a statement in 1975 by Prof^or Nathan 
Cook of the Massachusetts Institute of Technology ^ is the ^system o^rating 
at the Karl-Mar]#Stadt in East GArmany. "The systemj endued in, a 
special air-conditioned building as large as two football fields, emplo)^ 
lin^H^nduction motors-taps^gel the work pallets, which are floated on air 
cusl^n supports. The systenAcan handte^workpicc^ as large ^ 1 X 1 X 
L6 meters [3.3 X 3.3 X 5.3 feet]/'3 

A plant built by the Sundstrand Corporation (now White'Sundstrand 
Machine Tool, Inc.), and first operated in 1972, is probably the first U.S. 
plant in which computers had a significant role in tht manufacture of parts. 
Its major products, are parts of foists and winch^. A twelve-hour shift for 
the plant require only three operators and a supervisor, ^here^^a 
conventional shop would need thirty machine and thirty opera^rs. And at 
any one time, the computer, a 360/130 IBM machine, can Hirect the 
machining of as many as twelve different parts. 

Computers have been introduced into other batch manufacturing 
proc^ses. For example, a computer in the Cincinnati Milacron plant is 
used to translate three-dimensional J nst ructions into joint angl^ for the 
machining tools. However, in spite of th^ initial achievements, the ICAM 
objective of full integration of computers into all ^as^ of parts 
manufacture is yet to be achieved. The reason that there are a3 yet no fully 
automated factories is not^ lack of technology, but the high capital 
inv^tments neried for systems that are still only po^iially rewarding. The 
Air Force icam program is thus an attempt both to explore and develop the 
potential of an unrealized technological possibility. ' , 
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A committee of the NRC i^embly of En^^^ng is r^ewing Ute^^uii 
program and will examine, among other ^vm^ (1) esdsting and prctodied 
pGlides, obj^tiv^, strata^^, and t^hnologi^, as well as engineeii^^iad 
mahufacturing approach^; (2) means for a^^sing the rapabiliti^ dr llte^ 
manufacturing induatii^— including the prdf^ional and technical wo^- 
force as well as the man^ement^ — to inraiporate the prpp^am into thS^* 
operations; and (3) methods of tranifeiring the t^hnology to the industris^^ 
user community. 



REFERENCES 

U Cook/ Nathan H= ''Computer-Managed Parti Manufacture." Sdm^fo Ammm^ 
Vol 232, No. 2 (Fabiwy 1975), pp. 27-^28. 

2. Diebold, John, Autamatim The AAmU of ^ Auimmiic Facio^. York: D. Van 
Noitmnd Company, Inc., 1952, p= L 

3. Cook,^. fil., p. 28. 

Cmnmittee on CDmputer-Aided Maiiufactura, AMmbly of Enginaaring. 
Committee Ghaimmn, Xhonoai H. Crawly ol Bdl Labormt^^; Sti^ 
Officcri Joel Ooldhar, f 



I 

I 



National Issues 
and ) 
NRC Perspectives: 
Two Case Studies* 

FRANK W. PUTNAM 



_ _V ^ _ _ _ _ __ _ \ _ 

Many studio that come to the National R^arch Council are by deflnition 

complex. They may have political consequence^ influence national 

policies, and have broad srcietal impacts. A committee, slb the NRC unit 

actually reponsible for producing a re^rt, must in tlie final analysis decide 

which questions it will address, by what methods, and using what da^. But 

how does the NRC first decide it the qu^tion as pmed is answerable, what 

modifications in its scope and character may be needed, and whether the 

quetion should be addr^ed at all? How is a difflcult, perha^ poorly 

framed question shaped into doable study, one that can effectively be 

addressed by a committee of volunteers having bot^ limited time and 

funds? In short, hqw are studies designed within the NRC? ^ 

At first blush, these qu^tions seem naive, almwt disingenuousT 1 he 

majority of issues that comedo the nrc are th^e ^sed by federal agencie, 

1 

* It if a pleasure to acknowledge' the help of Norman Metzfer and Alvin G. Luen in the 
preparation of this report. 



Frank W. Putnam is Chairman of the A^embly of Life Science and Distinguished Prof^or of 
Mol^ular Biology and Biochemistry at Indiana University. 
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either by the l^i^ative direction of the Confras or on Aeir own initiative. 
Therefore, the wswer as to what decide what an nrc eommitt^ will do 
ie^ns to be detenninistiCp de^ndent, in the cBm of rangr^ionmlly 
mandate studi^^ on what the act says or, sometime, on the act'S 
le^ative history; or, in the uie of qu^tions initiate by fedeml a^cnd^, 
on the prioriti^. and< progmms of the agenda or on the paitimilar 
iniperativ^ of the requiting offlcials. Tlie short answer might seetn to be 
that committM do what they are ask^ to do. 

However^ Ul^ naoit dmple answm to difll^t quMio^ one is not 
merely misleading, but invariably wrong. The truth of that aMertion has 
now been conflrfn^ for me several ti(i^, even in cay still relatively brief 
tenure as Chairman of the A^mbly of Life Science (AU). 

' As evidence, I, would like to offer brief excu^ions into how the 
worksco^ or study agendas for two studio involving the ALS were actually 
developed. are the already completed study of the healA care 

re^urc^ of the Veterans Administration (va) and the proposed stua^on 
the, biological effects of microwave and other nonionjbing radiation— the 
former an als study and the latter a joint effort of the A3 and the Assembly 
of £ngineering. Th^ studies are both large on^— in the breadth of their 
subject matters; in the numters of committee membeiB, consultants, and 
staff members involved; and in their bud^ts— some $6 million fer the VA 
study and SI. 5 millioh for the propc^ed microwave study, bothWms for 
thr^-year projects. Both ^dira dip into cdntroversial ground: the VA study 
ne^sarily dealing with issu^ having politic Ramifications, as we have 
already J at tim^ painfully, learned , and the microwave study dealing with 
a subject matter that intertwine q^e intense environmental concerns with 
ones affecting both the economy and national defense. The study meant 
dealing with i^u^ affecting a ^litically importaet population~u,S, 
veterans, more especially those who have or ex^ct to use VA facilities. The 
microwave study, for its part, required an mormeus effort on the part of the 
NRC to weave together ii^to a coherent/ propOTal the different interests, 
86 * needs, and constituenci^ of a very coniidern^^^^mber of federal agenci^. 

To repeat, both th^ studies^ in terms of the typical NRC study, are 
very large. Therefore, this analysis is really somewhat skewed and is really 
the tale of how two very big babi^ were conceived, bom, nourished, and 
put out into the world. Therefore, it is non^nse to pretend that the 
experience of the ALS with these studio is^t all repr^ntative for all or 
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even a dgniflc^t fraction of NRC studies; neverthelM, I do think that they 
wall illuBtritte the romplnities that can lie behind Ihe ^mingly 
aimple qumtionol how itudy agendas ar^ set. 

HEALTH CARE FOR AMERICAN VETERANS / 

In June 1977, the NRC i^ed Hiolth Care for Amncan Veterms, the pr^uct of 
a three-y^u' study with a budget of 36 million. Given the budget, some 300 
CMunittee mmbm and eonsultantes md a staff of about 100^ the ^dy was 
the largM ever undeitaken by the |mc. The mm of the study was apposite 
to ite theme: the analysis of the larg^ single health mrm sy^em in the 
United Stat^, one of the largest such in the world— a system with 180,000 
employee, a budget of over $4 billion (Fiscal Yeatr 1976), and operating 
1 71 hc^pitals with 95,000 b^.i 

The reaction to the study was considerable and not unexpect^, pven 
its subject matter^ the criticism and recommendations that the committae 
made, and the intense inter^t of the Congr^ in the study. R^ults 
included national publicity, at tim« acrimonious congr^ional hearinp, 
and a 355-page r^ponse from the VA. But beyond the brouhaha, the report 
had several effects— for the future, po^ibly profound change in the 
national health care system, and, more immediately, major and productive 
change in the ways the VA car^ for its clientele. 

Why did Congr^ ask for this study? The legislative histoiy is complex, 
but the ^sential reasons are summarized in the introduction to the NRC's 
report: 

In the last decade* an influx of patients raulting from the Vietnam War drew 
public attention to some of the VA*s problems. The controveny over their treatment 
sharpened the debate between the Congr^ and the Executive Branch on the 
resource requirements of the Va h^pital system. CongrMional committra 
responsible for veterans affairs and for VA appropriations were repeatedly told by 
veterans' groups and medical schojls that shortage of h^pital staff and ^uipment 
were jeopardizing the quality of patient care in va hc^pitals and forcing some 
hospitals to deny admi^ion or outpatient service to veterans who needed care, 
Congre^ional hearinp emphasized the disparity in staff to-patient ratios benveen 
VA hospitals and commumty hc^pitals: Va hospitals were said to be gready 
undentaffed. Th^ problems were said to persist d^pite the rapid growth of the 
VA*s medical-care budget in recent years—frowth t^at roughly paralleled the 
generlll increase in c^ts in the health industry,^ 
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The tmM of this OTncem was the enacttnent on Auguit 2, 1973j of 
Pubhc 93^82, 7TW Veierans Healih Care Expansm Ad of 1973, S^on 
20 1 (c) of that law s^ciflad that : . 

jhf Adminiftrator [of the VA], in eon^^tiop vdth the Chief Medi^ Ureetor, is 
cUmted to conclude nefotimtions for an ^wment with the Nmtion^ A^detny of 
BmmA under which the A^demy (utilimig\i& full raoutm and aip^dse) wiU 
conduct an ortendve review and appraisalNof personnel and other rMuroe 
jaquiremeq^ in Veteimm Adminiitration hospitals, clinic, and oth^ mediGal 
fadhti^ to detmnine a bam for thS^^fa^Q^p^unib^ of and cat^iOfM cf wch 
pemnnel and other r^ourm ne^ed to insure the provUon to eligible veterans of 
high quality cmre in all hofpital, medi^, dcnniciliary, az^ nura^ hosM fadlititt^ 

A very brief look at how the NRC and the VA cune to an i^reement on 
wha^^he study wi^ to be is initructive. The Govtming Board of the 
National R^^arch Council fii^t considered a study of several aspects of the 
VA system in April 1973. The pro^s^ budget was then $300,000 for a 
three-year stuc^. TTie flnal budget ^"e^ upon 1^ the VA and the NRC was 
16 million for the study of the va's h^th care system. This rather dramatic 
increa^ .was due to several events. For oncj the scope of the study as 
originally contemplated w^ severely limited, compaied to the flnal study, 
and confined by the NRC Governing Board to purely a planning phase for 
an eventual analysis of the impact of va medieal o^ainii^'and r^aarch 
programs on the quality of VA ^re. Moreovers Public Law 93-82 had not 
been enacted at^the time the Ckivcming Boart first consider^ the mattefj^ 
and the academy and the VA believ^ that the bill when pa^ai into law 
would indeed ask the academy to d^ign the study mther than doing it— a 
feasibility study rather than a full-scale one. Finallyj once the Boope of the 
study was actually put forth in the law, it tMk the NRC some time to 
appreciate its full import, particularly the enormous amount of data^ 
gathering and analysis that would be nwied to addrra the issu^ posed by 
the legislation. The latter realization implied that the burden of the task 
was far gi^ter than could be done by volunteers serving on the conmMttee, 
88 and therefore a sizrable staff, including consultants, would be ne^ed. 

NRC staff spent much of the 1974 summer deigning the actual study 
and produced an anticipated budget of $6.5 million, eventually reduced to 
S6 million. The d^ign was reviewed in a full-day mating with staff by a 
subcomn^ittee of the executive conmiittee of the ALS, chaired by Paul Marl^ 
of Columbia University and including mcmbeii Robert Berliner of Yale 
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Univeriitys Nevin ScrimBhaw of^fer, and Jam^ Wyngaarden of Duke 
Univeriity. The study plan was apprm^^ by the subcojnmittee and then in 
turn by the entire executive rammittee of the als and the Governing Bcmrd 
of the NRC. The refrain in all this^r^ a concern if not outright anxiety over 
both the swelling of the budget and whether the study aa deigned was in 
fact doable.* 

The concems as to whether the methodi to do the study were^vailablc 
or could be devised were certainly understandable. However, in retrc^pect, 
the methodology developed by the committee has turned out to be one of 
the pillars of the study. For example, Robert L. Van Cittcrs, Chainnan of 
the Special Medical Adviso^ Group of the VA and Dean of the Umvmity 
of Washington School of Medicine, in t^timony on &ptcmbcr 30, 1977, 
before the Senate Committee on Veterans Affain statra^hat "the Special 
Medical Adviso^ Group did give * some study and attention to the 
methodolo^ employed by the NAS repDrt, and it was the conclusion that it 
was in general very sophisticated and appropriate. We have no criticim of 
their methodol^^."^ 

In a synof^is sent to the Administrator of the Veterans Administration 
on December 20, 1974^ the academy summarized the reasons for the 
increase in budget as being due largely to three factere: 

1 ) The deciiion to conduct a seri^ of major scale m^eys and a cohort study 
of veteran appUcanu for m^cal care, with the a^ociated data collection and 
analysis, ^ 

2) The scope of the quality-of-care a^Mment which involve the analyiis of 
large numbers of patient records and the conduct of multiple site visits by 
prof^ional experts. 

3) The impracticability utilizing the time of the &>mmitt^ membeii 
beyond that nece^ary to provide guidance and direction to the pr^f^^onal staff in 
the d^ign and conduct of the individual studio,* 

The data to be gathered, in addition to what available in the VA 
and other fil^, was to be obtained in^our ways: by surveys^ — ^of veteranSj 

*Ai one ejuunple of this wn^m, an agenda item on the study prspar^ for the ALi Ejiecudve 
Cominittee noted that it "ii un^rtain whether mitable t^hnology and technique r^uired for 
iuch stydy are available^ and^ if iO, whether they would be applicaUe to the study, Th^e 
qu^tsons will require Moment. Methodology may have to be imdifl^ or develop^ an 
int^nl part of the project. . The likely degree of me^m Is difficult to predict, and the 
project in the full@t sense, at some point during ite randuct, may be toermin^ to be unfeuble." 
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CDhorta of applicants for VA care, va staff, and health prof^f^iml schoola; 
by patient records; by site visits; and by examinations of patients. 

This considerable and nec^arily expensive activity was n^ded so the 
committee could do what legislation had requ^tedj i.e., "determine a b^is 
for the optimum numl^i^ and categoric of such personnel and other 
resources needed to insure the provisioi^ to eligible veterans of high quality 
care in all h^pital, medical^ domiciliaiy, and nursing home faciliti^." 
Moreover* information gathered by the committee was to be used to 
support statements to be made in the final report about specifl^ issu^. 
Th^ i^ues were d^ribed in the letter sent to the va informing them of 
the need for increased funding. Since t^ change in ^the conMnittee^s 
mandate have been the source of som^jdispute, particularly in House 
hearings, it may be useful to quote them inaulL The issue to be addr^sed in 
the final report as given in the letter to the VA were: 

90 / i 

1) The Tolm being filled by the vA system in the national system of health 

care; 

2) The effectiven^ and efficiency with which the VA medical i)^tem is 
carrying out its primary mmionlQi providing high quality care to eligible veterapa 
who require such care from the-vA; 

3) The quantitative and qualitative adequacy of the staff and other r^oiirces 

7 
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avaiUble to the VA medicm] lyitmi to carry out m miirions, and the appropriate- 
n« of the diOTiteition of thM r^iMr»; , - 

4) The f^cton other than tmsuM availability and ^distribution— e.g.j 
civniim and tmininf prc^ru^ r«arch prc^rams, sharing ^imn^men^i 
reponalization^ which ^ect the performance of the VA medical 5)^erti in 
caiTying out its padent C3U^ mi^ioni; 

5) The ponble effiwte of major esj^mal factori— Nationdl Health Iiyumnce, 
h^l^ planning and i^ulatory legislation, continued inflation, incnted 
unemployment— on the rol^i progmmi and rmQurcm of the va system; ,wd 

6) The efftet of sel^trf statuto^ and admihtom^ policy 
inciyding staffing /polid^» that may be nerfed to improve the abili^ of the VA 
ty^m to carry out its praent and future rote.® ' ^ 

The VA in turn mk&d the vie\%^ of the cognizant committ^ of the 
House and Senate. A meeting was held that included naSj VA, and Senate 
and House staffs^ The additional funding and the revised NAS itudy scope 
was subi^uently apmxived by the chairmen of the Senate and Hoiise 
committer. This octurred in March 1975 (eighteen months after 
enactment of the taw), and work on the study iteelf, rather than simply its 
planning, could now begin. 

The final "report, imicd in June 1977t made thirty-seven speciflc 
recommendations and included detailed documentation on most of th^, 
either within the report or in supplemental material. The vA has apeed, 
wholly or in part, with twenty-three of the recommendations. Eleven of the 
twenty-three reconunandations of the committee were implemented prior to 
the formal i^uance of the report, which is compelling evidence of the 
symbiotic relationship that often exists in the course of a study tetwaen the 
committee and the affected agency. 

The recommendations can be divided into two cate^ri^: first, a series 
of detailed organizational recommendations that mainly pointed out 
inadequaci^ in management or op^rtunitie for effective change; and, 
second, a set of recommendations that have been construed by the va and 
by parts of the Congr^ as affecting policy. ! 

In brief, the va largely concurred with the first category of 91 
recommendations. Some of th^ should immediately benefit the pati^ts, 
such as the va's agreement to all five recommendations of the report 
dealing with the delivery of mental health care, including su^tttions for 
improvements. Other recommendations will also be helpful to the va in 
impro^^mg its services, such as the recommendation that , "Comprehensive 
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servi^ n^d to te develops for patient Mth primi^ and secondaiy 
dii^oa^ of alooholism and alrahol addiction." "Diis reoonmiendation has 
alre^y finn^ the va*s raolve to take the initiative in raeai^ on the 
biomedi^ factoid that nmke prople prone to alrohol addiction. 

The leeondp much more troubl^ome catq^ory of reoonimandationap 
wU^ are perceived m rerammending polici^p is itself divisible into two 
sub^tegori^i one relating to va*s administrative polici^^ including how it 
diitribut^ i^ i^ouro^, Bnd, cuttio^ much more d^ply^ tu^^^j^ an 
evolving role in the future for the va in a national system of health rare. 

The RtbX set of r^^mmendations, affecting the VA*i a^ninisbmtive 
policies^ relate to the allocatipn and redistribudon of r^ouro^, the 
retention of undenubscribed facilid^, the con^ntradon of cardiac sui^ry 
and kidney transplantations into fewer centerss the elimination of inpatient 
surgery in psychiatric hospitals, the rea^gnment of smff to rehabilitation 
m^cine service, a narrower delineation of the va's r^ponsibility for 
dental care, and the sugg^tion that VA payn^ts for treatment of patients 
in nonfederal hospftals be funded through va's Central Office rather than 
through ihe budget of the individual VA h^pitals. Reasons offaraj by the 
VA for disagreeing with th^ recommendations include budget^y and 
legislative constraints, traditional practice, and alternative vievv^ on health 
sendee polici^. 

It is the set of recommendations regarding the future role of the VA in a 
general and national^ system of health care delivery that has aro^ised 
concern by the VA, generated heat in congr^ional hearinp, and provoked 
harsh indictments of the academy by VA client groups such as veterans' 
organizations. It is difficult to titrate how much of the antagonistic i^ponse 
is due to the actual recommendatiom, how much to emphasis in initial 
pr^ reports on recommendations perceived m negative by the VA, and how 
much to various concerns that the va be kept as a separate system outside 
any comprehensive plan for national health care. 

I cannot really ^ttle the question of whether the committee exceeded 
its mandate by making the latter recommendations. One can say that the 
committee certainly had to confront the i^ue and t^at ^e decision it had to 
make was whether to offer its views or to^luck. TKis study by the nrc 
marked the flret time, that this huge medical s^em had to publicly confront 
the question of what its future was going to be. And it is difflcult to consider 
the future structure and operations of a system such aS the VA without 
considering its relationship to an overall system of health care. 
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1 i^ght mention wry briefly that while the report Healih C^re Jor 
p Vi^ms hm i^^ived the most attendon, and wntaMion, another 
repoi^imied at the same time haij in contt-astj reaivrf little public 
attention imd for the mcMt pajt enthusiastic a^^ment by the VA. Thii , 
irti Bwmedu^ Rgsmrch m the VeUrms Ad^ini^aHon^ vfm the third of a . 
of similar repom prepare by the NRC (1960 ^d 1968) and was done 
r^pome to a r^uest by the Administrator of the VA for ~^aii a^^ment of 
the Uomedical r^e^ch effom including rdlevarit aspects of die ^mining 
pr^tun with resprot to quality and to the manner and extent, pi \u 
contribution to patie^ care provided by the VetemiuL Administration/' 
While the committee found that "a siieable fraction of VA r^eartSi is of 1» 
than satisfactory quality/' it also found that of Va's r^earch is of 
"acceptable quality" and stat^ its belief "that the VA has made impjrmnt 
contributions to m^cal ^ience through its research pi^raimi ^peci^y 
the career development and the cooperative studies program." T^e VA has 
already used this report to defend parts of its biomedical r^earch program* 




MICROWAVES * 

The second proj^t I want to us^ as an example of how study designi' we 
arrived at is one proposed on thtf biological effi^ts of microwave and pther 
nonionizing radiation, given the infelicitous if useful acron^ntn -of MONIR, 
This study, which if done will be a joint project of the i^sembly of Life 
Scienceb and the A^mbly of Engineering, is in several wa)^ comparable to 
the VA eflbrt: It will |p a large study^ as measured by bud^t; and^ like the 
VA studyj its scope was considerably enlarged once the NRC began to 
examine the original quetion. The intended study ilso differs from that of ^ 
the VA in several respects. For one, its support, rather than coming from one 
agency as in the case of the VA study, may come from among fifteen - 
agenci^, each reprinting different constituencies needsj and levels of 
interest. Moreover, the very nature of the study means that expertise other 98 
than that containid within ALS must be involved, an^ therefore the 
problem of coordinating the requirements of many different federal 

*Th€ aqadamy report the ftrst major publk rec^nition of the stature of bioni^Gal reiear^ 
in the VA- and only six months later two VA ^ientis^, Ro^yn S. Valow and Andiew W. &haU^, 
were awards, with Roger GuiUemin of the Salk Institute, the Ndbel Prize in ph^olc^ or 
medicine, thus ^coming the first Notel laureate in the va, _ "N, 
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agencies is implemented the need to araire the eff^ve coUatoration 
of different unite of the nrc. Considerable time, and diplomacy, is required 
to achieve this cxtemal and internal codr^ination. 

The gen^is of the microwave studyj in tcnna of concentt-ating 
academy interest, in an informal requ^t made in late 1976 by the 
National Aeronautic and Space Administration. NASA - v^antad the 
National R^arch Council to a^^ a r^arch plan, to be deigned utidar 
NASA sponsorship, intended to determine the biological and ecolopcal 
effecte of energy tranimission by microwive for solar satellite to aix-square- 
mile receivers on earth, 
^4 The ALS Executive Committee not happy with the idea of 

^ reviewing only a r^arch plan; and it felt that the quetion m p^ed w^ 
simply too limited. The nrc Ooveming Board felt even more strongly that a 
comprehensive approach was called for, one that would include at the same 
time a response to NASA. A broadening of the scope was needed., 

*It is important to bear in mind that the academy addr^^ the NASA 
* request in a context of widening concern about microwave, spurred by a 
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nuMbe^^f more-or-l^^ coincident even te: for ex^mplej nev\^ repora of the 
beamine of n^o^^^vi^ into American eml^^ in Mmmw that set oflTa 
mrim of speculations ' irm the m^a, m the Gongre^, and -in the f^eral 
fovcrameni about the potential health hazards of microwav^; a two-p^ 
article on ipicrowaves in The I^w^ Yorker magi^inej since expknded into a 
book entided Tfu Za^ng of Amerjcd;'^ the planned construction of very high- 
voltage power tranmisiion Hn^ that because of their a^dciat^ emission of 
high-frequen^ r^disi^on has rai^d concern lA several stat^; the expected 
widening of the MONIR environment ^ue to technol^^, with the most 
recent example being microwave ovens and citizen band radios; and the 
interest aroused generally in the effect of electroma^etic ra^ation by* the 
plann^ construction in Michigan by 'the U.S. Navy of a syttrai ' for 
transmitting"^!! extremely low-frequency signaL (The last i^e was 
considered in a 1977 NRC report, pr^ared by a committee of the A^embly 
of Life Science, entitled Biologicai Effects of Elictfic and Magnette Fiekb 
Assoc^Ud with Pfop&sed Project Seafarer.) '" ^ 

Against this background of wide, if unf^u^edj inter^t in the po^ible 
hoards of microwaves and similar radiation^ the academy" prepared a 
proposal for a study of the biological effects of microwave and other 
nonioni^fng radiation. This prop^al was circulated and discu^ed in detail 
with the many federal agenci^ having some prograittnatic or re^ilatory 
concern with microwaves. This base touching was nectary to a^iire the 
sound n^ of the study ^ — ^as well as to gauge whether funds ixught be 
available to do the study— since, as already mentioned, unlike the situation 
with the VA report, involvemenCwith monir extends horizontally acr;:^ the 
federal structure; and as yet there is no congr^ional mandate that 
d^ignat^ an agency to support the study. Thus, to give some exampte, the 
Bureau of Radiological Health of the Food , and Drug Administtation 
include in its r^ponsibiliti^ the .^tting of regulations, and the amirance d( 
compliance i for the manufacture of equipment that emits microw^v^ and 
similar radiation. The Department of Energy is inter^ted, not only bewUse 
nonionizing rac^ation is emitted in high-voltage electrical transnii&ion, btit 
also because microwave have Ween sugg^ted as a conduit of energy from 
solar satellites to eartfi. The National Institute of Occupational Safety and 
Health is inter^ted because of the wid^pread occupational expomir^ to 
microwave radiatibn, the U,S, Environmental Protection Agency because of 
the issue of "electromagnetic pollution," the Veterans Administration 
because of po^ible compensation claims based on exposure, to nonionizing 



imdation, and Ac Department of Commerce becauae of ite involvement in 
teleeomtnunicadons policy. \ ' ^ * 

While diicussioni with th^ and other a^nci^ were in progr^ the 
academy leamed of sttong rangr^ional inters in the.mie. The Sraate 
Committee on GommcrOT, Scien^.and Traniportationj in reviewing The 
Radiological Q^rol Jor Safety emd Heaith Ad of I9W^ v/m conadering 
mandating a study by the academy of the biqlpgi^ effects of nonionizing 
radiation, partictUarly the impycations, if regulation r^id^, for listing 
and emerging technologic. The amdemyj at the requ« of the Senate 
committee^ t^tifi^ orf its plans for a study, 'fte ramimtttt, for part, 
asked very ipecific qu^tions concerning what the academy widied'to do; 
Ffpm itill'another direction, the Conunittec on Telec»mmunlrations of the ^ 
NRC Assembly of Engineering wi^ developing a study of the .impact of 
regulating microwave and other nonionizing radiation. 

Out of this rather active chrysalis raiei^^ the propped academy 
study on nucrowave and other nonionizing radiadon. It has four parts (with 
the latter two reprinting A^mbly of En^neering inidativ^ included as 
part of the totaj study): * \ ^ ^ 

1) Review existing data on the biQlbgical effacte of AONU^ and, to the extanii 
pp^ble, provide ^timat^ bf safe leveU'^of cxpoeure that may be us^^in, 
esiabiiihing guid^ for protection! Where daft are not available; r^earch prg^'anis * 
will bfe iu^^t^ for obtaining them, ^ ^ • 

2) Perfonn an epidemiological study of Navy veterans e^»os^,to radar 
during the Korean War, 

3) Collect informatioi^^re^rding current and. emerging te^molop^ causing 
orsJising MON^ to determine pr^nt and projected exposure levels, and the 
potential biohaz^ds of such increased exp^ure to the general popiQation and for 
special occupational groups, ' 

4) the socioeconomic impacts of changing perceptions of safe levels of ' 
exposure of MONIR on' over- the- aic telecommunications, , \ 



SOME GENERAL COMMENTS " 

The two case stadia sel&ted for my very cursory exmnirTation of how a 
study is 4^i^ed have both unique and typical asp^ts, They^are unique, as 
are all studies, in the difficulties posed in 6rganizing and in doing them; Ihe 
tactic used had to be fitted to eafch study: They w^ere typiqal'in that the 
sorts of studio ttot finally OTierged were the results of % coming together of 
interestSj needSj and ^rspectiv^. 4 
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The difflculti^ inhc^nt in thase studia were, I hope, clwly 

ill^ffi'at€^ in thp studifes— whether in fact the ^A. stud)^ ^w^i^rf 
was doable and the nmd \to look ^t microwavs not pMy as ta thdr 
biologiral eff^ but akd ^ to the effwts of po^le repilation on vari6us 
technolc^o; that%r their fe^t^ordTer effeW seem durable, even liece^ary. . 

What is typical fa, I thinks heuristiq^y mtidh more inter^ng. In l^th ^ 
cas^j as vsdth many NRC studi^« the n«d was appwent, but the ^pe of the 
study and the approwh^ to making ^pportable OTrtclimons and 
recommendationi somewhat afnorphous. For both itudi^, the tlnie seem^ 
prppitjous, in spite bf, or rather becOiiSi of^ lack of aHequatejrfonnatiom ^ 
The VAj for example, did not know what^^tion of the eligible veteran 
populataon it actually serv^ or how this fmction diffeii ftom those-who do 
not use the va- iyitem; for the proposed microwave study very little b 
known/to take on^ onfr exar^ple, of tl# cumulative affectj of low dos^ of 
nonioitizing radii tion, - ^ ^ ^ 

Finally, let me try to extract from th^ two c^ studies some 
generalizations on hoW study designs, .are put together ^that I think are 
applicable to many ^tudie iindertaken by the NRC. S^ifically, botK - 
studies confirmed the role of the NRC in providing the tensions necemry to 
structuring a sound study. The memters of NRC conunitt^ and st^ff are by 
their rol« disinter^ted fiarti^^ in the sense that they are Uncoupled froni 
the immediacies that drive agency officials and the Congr^Wthey are not 
wedded to particular programs, not defending budgets for an agency, not 
caught in the intense pressures of constructing new legislation or revising ' 
existing laws, (This is not to say that committee memtere do not have their ' ^ 

bias^, sometime hearing directly on the matter under study. However, the 
bias forms <hat mc^t committee members are asked to fill oiit at the time 
they are asked to serve are deigned to reveal th^, so that even if bias^ are 
unavoidable they can at the very least balanced out.) 

This removal from the day-to-day pr^ur^ of running the government 
en^fe the NRC to Ic^k at proposed studies somewhat in the atetract— to 
l^k at whether the study itself, regardle^ of ancillary pr^ur^, is doable; 
to determine whether the^ right questions are asked and to revise them if 
they are not; to determine what data are needed; and to determine what 
expertise is required by the committee as it tegins the very difficult task at 
its first meeting of reforming a study agenda into specific \m\xm that it can ^ 
usefully rfddrras within its study peric^ and budget. j 
The NRC by it5 position can look at a pro^sed study somewhat as a. 
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pu^a to be solv^— as an intellectual exercise that, if carrfidly and 
analytic^y appmched, will produce rewarding raulte. While all p^i^ 
to, a study are concMned that the job be done rig ht, each one operas under 
a different ^t of constituaici^, pr^unss, Md pei^p^rtiv^. "nie constituen- 
cy of the NRC ia in the final analysis the scientiflc ranimimity, and ife 
concern v%dth rigoroui analysis and supportable statements; the.ps^ur^ 
are th^ that this Mmm^nity can bring to tear on faulty work; the 
peiipective is an intellectu^ . one, a method of framing qu^tions and 
seeking answers ^mbined with a prof^ional avemon to a^pdng 
^tablished truth without thorough verification. Hence, the tenmons I 
referred to earlier. ' 

I tfunk, in the ca^ of the VA study, that these qualiti^ were amply 
demons^ted. An initial study d^gn was jud^d inad^uate and revis^ 
under intense pr^ur^ and #ith a great deil of labor to a level that 
satisfied the offlccfs^of the nrc that the final product would in fact be 
worthwhile. Similar^, the mrc's initiaJ.work on the microwave study vrill, if 
the study is done, ^Id a broad rathef than piecem^ examination of an 
important i^c— an examination that is sure to be of immensely gr«ter 
value to the government and to. the s^iety generally ^an what w^ 
originally rontertiplated. 
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LIFE IN THE AIR 



Did the agent that caused Legionnaires' disease travel via the air 
condijioning ducts of the hotel where the origin^ outbreak Dccurred? The 
eviderice is more circumstantial than direct. As scientists from the Center 
for Disea^ Control of the U.S. Public Health Service put it, *'No ^ociation 
was found between illn^ and contact with birds, mammals, or souvenii^. 
Patients did not complain of in^t bites. A hypothms of airborne spread is 
difflcult to test directly, but it is consistent with the observed a^ociation of. 
illness with time spent in the lobby and on the sidewalk in front of the hotel. 
Several patients with Legionnaire* disease and most with Broad Str^t 
pneumonia [i.e., had the disease, but neither attended the convention nor 
^ad recently entered the hotel] had only transient ^x^ure in th^ areas 
and no identifiable expc^re there other than to air."^ 

Hdw far do^ pollen travel? The quetion is of some importance— to 
interpreting the geographic diversity of plant life, and to aiding the 
mapping of historical vegetation' patterns through an analysis of fossil 
pollen,^ Such knowledge is considered basic, but some of its uste are not; for 
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esmipla, pollen toal>^ may be us^ by oil rampam^ to detarmme the 
historic of stratipmphic layeii, helping the search for new pett^leum 
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What are the eflrote of pollutant gBBm and particle *on biolpp^ 
materials in the air, ftnom ^Uen to miCTOorgmnisni? li there, for ex^ple, a 
synerfiatic relitioMhip betw^n poUutante and the infwtiv^ty of 

nuCTob^, the flm perhaps a earner for the peODnd? 

Th^ questions all deal with biolog^»l materials In the air— hmv they 
travel, how far, and the relatioiy^p of dieir uredynuuc prcperti^ to 
their varioii effete, whether on legionnaira or on plante/ TOiis, the 
questions are properly within the pro^nce of aerobiolo^, the sdentiflo 
^sdpline CTncemrf with such mattei^. The formal nantt was rained in the^^ 
1930's, but the rancems of ^rabiology ^ more anciant, fM^g^ originally 
on airborne pathogens and attracting the inters of Louis Pasteur and ' 
' Joseph Lister, among othere. ^ ^ 

Aerobiology grew up with this emphasis on diseases, reinforce by the 
inter^t, during and after World War II, of severJ natiom, indudihg the 
United Stat^, in developing germ warfare technique (and therefore 
needing to know something of how. microbe tehave in air, particularly 
indoors). However, aerobiolo^, Svith ite contemporary OTncepi for, 
materials in air, is today considered ap umbrella science for a variety of 
more specialized discipline. These include, for instance, palynology, or the - 
study of pollen; allergology, or the study of allergic; phyto^paphy, 
concerned with the geographical distribution of plante; and entomology, ' 
the study of insects. 

However, the historical anteg^nts of aerobiologyf— or,^ more exacdy, 
its earlier, somewhat provincial ^np^sis on disease asppcts— mean ^at 
problems, techniques, and data fcommon to seemingly distinct science, such 
as palynology and entomolo^, have often ^aped attention and have 
therefore neither been well investigated nor efficiently used. Sampling 
technique, analysis of aerodynamic properties of different particle (such as 
their rate of settling), or attempts to relaie aerial movements to biological 
effects (such as the relation of release tim^ and dispered of pollen to aller^ 
patterns) have teen developed or done for individual science, rather than 
shaped in a way to be broadly useful for many science. Research has 
tended to be compartmentalized. Broad principle generally applicable did 
not emerge. Rarely was a truly comprehensive approach u^d to d«ign a 
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ns^u«h ^)pmm, for eiample, in incorpoimti^ the Mat»biolc^ral view m 
an anal)^ of the biol^cal, ph)^cal, and chemial dynamira of an 

©Msystem. _ _ . ^ 

The \mificatton effort r^ly b^an with the IntOTiational Biolc^ral 
Program (DP), rapedaUy with the U.S. effort to develop an ttP Aercfeiology 
Pr^ram. As lemarked in an mP volume, "Before the inception of the • 
us/lBp Aerobiology Program, aerobiology tend^ to be fit^entrf and had ^ 
Uttlc cob«iven« as -a discipline, the us/lBP Aerobiology Pr^am* 
provided a coh^ve framework by consideriog aerobiology in a s)«ems 
analysis framework where each particle is consider^ with rttpect to its 
sounce, release, into the atmosphere, diipcrsion, dep^tion, and impact. 

In part to continue the IBP momentum, a Committee on Aerobiology 
has been wtablished within die Asembly of Life Science, w4^ support 
from die U.S. Department of Agriculture, the National Aeronautira and 
Space Administration, and the National Science Foundation. TTie purj^ra 
of the committee include an e%rt to enMurage die maturation of 
aerobiology as a discrete and coherent science, to consider whether it would 
araist in launching an American prof^ional society for aerobiology, to 
define the boundaries of die discipline, to »otc the key issura diat should be 
addressed from an' aerobiological perspective, and to determine whether 
th«e issues are being addr^ed by federal agencira. 

ThMe issura take in many of the concerns to which an understanding 
of the aerial movements of^ biological materials in die atmMphere is 
pertinent. A brief description may be useful.* 



POLLEN AND SPORE DISTRIBUTION 

Too little is known of the role of wind and insects in distrihuti^ pollen 
through different ccWstems; nor is there lAuch information on rural and 
urban differences in how poUeii is distributed. Factors determining the 
movements of pollen indoors is another rwearch need. The importance ^f ^ 
these qurations is appare|it; for instance, hay fever, asdima, and other 
allergies account for onc^hird of all chronic conditions of people under 
seventeen. The resea#ffi difflculties arc considerable. For instance, as 
remarked in Nature, "the study of^ pollen movement has been rendered 
difficult by thp problem of relating pollen grains, once dispersed, to their 
sources.''^ M(ireover, the distance traveled by pollen grains depends 6n 
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their deniities and aerodynamic, which va^ among spMies. Surrounding 
plants may filter pollen movementi, ihaping the pattern of plant growth; 
for example, the hazel flowers more abundantly on the forest periphery and 
^ - in clearings than it do^ in the interior of the forest. 

Aside from r^arch, a better way of gathering and collating data is 
needed. While worldwide samplinp ^^Uergenic pollens are published 
yearly in the Statistical Ripart of the Pollm and Mold CommiUee of the American 
Academy of Pollen and Allergy, similar data on Jionaller^ns are not as 
available, / 

102 * ^ ^ 

PLANT PATHOGENS 

There are sufficient example of plant diseases caused by airborne 
organisms, primarily fungi, to alone justify a more Active r^arch program 
in aero^jfcgy. For instance, the corn blight epidemic in the United Stat^ 
in 1^70was caused by airborne spores and resuj|ed in a fifteen percent 
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ovemll lc3^ in harv« yields. Similarly, rice blast epidemics are attiibut^ to 
airborne fimpg while an outbreak of coff« mat in Brazil may have been 
• due to fungi windblown from Africa acro^ the South Atlantic. If on^ had a 
clear idea of the rate and pattern of travel of plant pathogens^ such m hingi 
and insects, more efTective prophjlaxis might -be possible. Certainly, 
improved air samplingifcnd better of collected data may make it possible 
to contain ah initial infecti«i and prevent it from becoming an epidemic. 



MICROFAUNA, INCLUDING INSECTS 

Agaiili there are r^earch difficulti^; for example, iris at bc^t hazardous to 
generalize on the patterns and rat^ of travel of insect species sin^ these 
may depend on the time of release^ the wind conditions at tHe time, and 
other factors. Moreover, sonie insect species, such m aphids^ arc carried 
long4ist^nc^, while others, such as leafhoppers, m^uito^, housefli^, and 
moths, are restricted by natural weather conditions, an^ similar 

factoid. , ^ 

HEALTH OF HUMANS AND ANIMALS 

This province of aerobiology, once its largest and still among its^ more ^ 
important, has its inter^ting stori^ to telL For instance, ''cloud babi^"^ in 
hospital wards, who show no symptoms of ''staph" inf^dons, but 
neverthel^ disperse Staphylococcus aureus throughout a ward; or the fact that 
in some outbreaks in h^pital wards—nosocomial infections-r-patients 
along walls are inf^ted, but thc^ in the middle of the ward are not. 
Neverthel^, aerobiology rema)r^ an coterie aspect of medicine.® Obvious- 
ly, some of the interest in learning how pollen and fungi are distributed 
through the air is applicable to medicine. Furthermore, one would like to 
know more of ^the relationship of the size riiape of ^Uen, and the 
topography of the lungs, to their r^te of seftHng and deposition in different 
parts of the tepiratory tract. There is considerable uncertainty about the 
movements of microorganisms in the air and their potential for producing 
infections by that route. While airborne infections are hardly a major 
category of contemporary disease, there are documented instances when 
diseases caused by bacteria (anthrax), rickettsia (fever)^nd viruses (hoof' 
and-mouth disease) have spread because of meteoroldgical conditions or 
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aefosolization. Also, given its intimate conGeni with the sp^d of infectious 
diteas^p aerobtol^y «m contribute to developing and improving technplo^ 
gy for the high-level cont^nn^nt of^xperiments in\plving veiy inf^o^ 

/; - 



agenti(and recombinant dna 



EFFECTS OF POLLtJTANTS 

Air pollutants fall partly into the ambit of aerobi^ogy in that pollutants 
may influence the development of plant c|j^ase by modifying the pro^^ 



of a disease^ the host, oi^ the viralence m a particular pathogen. Thus, 
pollutant* g^^^ specially OTone and si^^ diojude^ mn inhibit tkm^ 
geraiination of some ^Uens and fungal sj^^^and they may affect the 
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viEbiirty^of airborne fungi aii4iJbacteria, PoUutants may aho kill bacte'rmr^ 
perhaps carl^n monoxide Interrupt cytochrome eq^ym^, sulfur and 
nio^en oxid^ cause lethal pH chang^j f nd so on. ■ 

- — : " r r- ' - v " - < • 

NfETEOROLOGY 

Atmospheric trans^rt can be microscalc (travel time and space limited to 
1^ than an hour and a few hundr^ iM^ri), m^s^e (time and space on 
a scale of days and a few hundred kilometei^), and macrc^ale (a year or 
more and global transport). Each scale" prints different conditions and is 
therefore a different arena for study; for inst^ce, ^nks for atoi^pheric' 
m^er ials, important on a m^o- or macr^cale, are nonesdsten^ at a 
micr^ale level. The aerobiol^st, teyond applying known metTOrologiMl 
methods to his.sciehce, must consider other factors^ including the conditions 
under which pollen, fungirand othep biological matei^s are release, their 
aerial characteristic^ and so on. Biological particle can also be nuclei for 
cloud condei^tion 'and ice formation and can sei^e ^ ^ surface for 
chemical and physical nnterkctions, Th^ latter ^^ffectSs while r^ and 
import|uiti are pooriy understood. In addition, the indTOr, or intramural, 
movements of bacteria and allergens reflect certain meteorological 
characteristic of diffusion and turbulenc^i which must be considered. 

These are some ofthe i^u^ that now concern aerobiolo^. In all, they 
add up to a fairly la^e bank, of unknown data and missing methods. Very 
broadly, we are largely ignorant of the biological content of the atmosphere 
and its interactipns wkh life on the ground. We neted to improve our ability 
to relate change in disease patterns with physical and chemical change, 
such as in the constituents ®f the atmosphere. We tend "to believe that 
airborne diseas^^re te^gelY^ if not exclusively, transmitted indoors, because 
we have np informationon. outdoor transmi^ion. Not that airborne 
infections indooraare not a ve^^al problem;^ the^ is ample evidence, as 
indicated earlier, that staph inf^tjo ns ar e transmitted in various jvays 
indoors* including through' hospital laund^ chut^, while home heating 
And air conditioning ducts can be serious ^urc^ of allergenic dusts and 
molds. (As an AJide, the evidence is not persuasive that modem forced-air 
ventilating systems are more, or even as, sanitary as earlier practice that 
depended on very large room sizes and open windows to dilute and change 
indoor air.) 
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As to a lack of methods^ there irno one instrument yet develo^d that 
can adequately saniple all the sizei^'and typ^ of mate^ls in, the 
atmosphere.Partly as a resultp monitoring jrfog^ 

Som^ of these sampling and monitoring problems .are of a piece with 
i^^ecjuate r^arch. As, one ijlus^ation of the problem, it was recendy 
" ^inted out that, '*Apart from the serious probjem of where to sample in 
V relafipn to wkftre p^^le live; how frequently to sample, with what r^ponae 

timm and averaging times, ^tc. We're not sure what to sample, and by wh^t 
/ method. It is clear that the biologist would like to samplf^fine sulfuric acid 
, mist, But no such method exists for community atrnpspheres. It wopld be 
desirable to^measure ^cid sulfate, but acid sulfates are fopned in part on 
the filter after samples^ are collected. We would like, to identify specific 
sulfates, $ince the range of sulfate twicity is wide, but present collectors 
^ yield too little materiaJ for analysis/'^ ^ 

' The Committee on Aerobiology will take up some of these matters, as 

well as others, and plans to issue its final report in^^9. 

' ^ . ' f ■ ' 
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THE GROWING VULNERABILITY 

Few scientific issues Have the, potential public policy ramifications of 
climate and climate change, Eew natural phenomena have the global 
impact of climate and occupy so central a role in determining the nature of 
societyf Changes in climate and weather have historically r^ulted in jarring 
economic, social, and politicaL cortsequences throughout the world. The 
past decade, however, has seen a new intensity of concern atoyt the impacts 
of abnormal weather .and climate change,* They have challenged the idea 
that technology has freed us from climate constraints. We had begun to 
believe that our technology could allow us to develop climatically stressed 

•The dcflnition of "climate" and ^'weather" U a topic of endlss discussion among meteorolofists. 
For purpose of this paper, I consider climate to pertain to the statistics of weather parametcii 
over time peri^ that arc greater than th<^ for which deterministic predictions of day^to^day 
weather are theor^tlctally p^ible. practical matter, this means that the statistics of weather 
parameters over peri^ of two weAs and greater wouid qualify as "chmate." 



Ro^ White is Chairman of the Climate Research Board, Asembly of Mathcmatic:al and 
Physical Science, National R^arch C^unciL 
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areas beyond their natural carrying capacity. Indeed, some societi^ in 
climatically stressed areas are already sustained by artificial tec^riolo^CiLl 
respirators, and, in many cas^, they can no longer sustain the patient. We 
irrigate, build dams, construct levefes, mine fossiLwater, and build ourselves 
^ air-conditioned cocoons. We also bverpopulate, overgraze, ovOTndustrial- 
ize, and overcultivate. We should not be surprised when nature sometimes 
reasserts itself. ~ * 

It is, however, not only our willful technological advance into hc^tile 
climates that has brought about our climatic vulnerability, but also more 
fundamental changes that have forced *vances into climatically stre^d 
areas. Increased population pre^es agiLffist^^rld food suppli^. Fluctua- 
tions in world focd reserves are now of the same order aj^uctuations in 
annual food production that resul^4rom normal variations in cMniate, 
There is only a thin m^jgin between shortage and adequate supply. 
Population pressures are also extending human habitations into marginal 
agricultural and climatic areas. Sensitive ecological systems are -being 
stressed, as in the Sahel, resulting in 4^e destruction of their stability arid 
resiliency. Our land- use patterns in many areas have succeeded in 
establishing conditions that are sensitive even to moderate shifts in normaf 
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» 

climatic patterns. The vulnerability of scx:iety to climate has now increased 
to a po^t where major economiCj politicalr and social consequence flow 
from fluctuations of climate that occur repeatedly around the world as part 
of ^he noimal shifts of the global circulation. 

The increasing vulnerability of our social and economic life to natural 
phang^ in weather and climate is now paralleled by a new phenomenon: 
the susceptibility of qlimate to man's activiti^. We have come to realize 
that certain industrial^ agricultural^ and? land-use practices can aflfect the 
earth's radiation balance^ t^e photoctfemistry of the upper atmospherej. and 
the boundkry interactions between earth and atmosphere. We have 
acquired observational evidence pf changes in key physical process,, and 
have begun to understand their effecL on the global atmospheric 
circulation, which determiries our climate. Our knowledge is still imperfect, 
but our concerns are real. We are thus confronted with a complex situation: 
Not only is modern society vulnerable in myriad ways to the effects of 
weather and climate change, but the climate itself is vulnerable to the 
actions of man, i 



THE RESPONSE OF THE NATIONAL RESEARCH COUNCIL 

. i 

The task for science is to address the question of how the growing 
vulnerability of our society can be reduced by improving our scientific 
understanding of the causes of climatic^ fluctuations and, through such 
understanding, developing methods of anticipating climate changes better 
than we can todaiy. It must also attempt to define the s^ial and economic 
impacts of climate change so that remedial actions can be taken by 
governments and industry. The Climate Research Board his been 
established by the National Research Council to act as the focus for 
addressing this broad set of questions and CTOrdinating NRC'f effort. 

The Natiofial Research Council has had a long history of contribution 
to our present awareness and understanding of climate change. In 1973, the 
Committee on Atmospheric Sciences issued Weather and Climate Modipcation: 
Problems and Progress; in 1974, the C3qean Sciences Board published The 
Ocean's Role in Climate Prediction; in 1975, the U.S.- Committee for the GlobaJ 
Atmospheric Research Program issued Understanding Climatic Change: A 
Program for Action; in I9765 the Board on Agriculture and Renewable 
Resources produced Climate and Food; and in 1977 the Geophysics Research 

3 
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Board produced Energy and Climate and Climate, Climatic Change, and Water 
Supply. There were other refwrts deayng with aspects of climate in other 
contexts. For example, the Committee on Impacts of Stratc^pheric Change 
i^ued in 1975 Environmental Impact of Stratospheric Flight and iri 1976 
Halocarbons: Effects on Stratospheric Ozone and Halocarbons: Environmmtai Effects 
of Chlorofluoromethane Release. 

This wide interest in climate within the National Research Council 
has stimulated and been stimulated by a similar growing inter^t in the U,S, 
government as well as among international organizations. As a r^ultj a U,S, 
Climate Program Plan has been approved by the Chairman of the Federal 
* Coordinating Council for Science,^ Engineering and Technology;* and the 
Congress is in the final stages of considering legislation ^tablishing a 
National Climate Program (see Mow). On the international scene, the 
World Meteoroldgical Organization of the United Nations has recently 
approved the planning for a World Climate Program and has decided to 
hold a World Climate Conference in 1979. 

THE CONFLUENCE OF SCIENCE, TECHNOLOGY, 
ECONOMICS, AND POLITICS 

How did we get to this ^int of broad action on climate i^ues? How do we 
account for the escalation of the inter^t of scientists and governments 
during the last decade? Until two decades ago, the study of climate was a 
scientific backwater. It was principally a descriptive activity, Theori^ of 
causes of climate change were speculative, Hy^th^es could not be t^ted. 
However, in the past decade, scientific j technological, economic^ and 
political events interacted in a v¥ay that rendered the problems of climate 
change not only politically and economically important, but also 
scientifically attractive. 

Technologically, the space age matured, and earth-orbiting satellites 
could observe the global oceans and atmosphere in ways hitherto not 
1 1 2 possible. Global data required to define ih^ state of the earth's fluid 

envelope came within our reach. With large-scale computei^, mathematical 
models of the oceap/atmbsphere system' were developed, providing the 



•The Pr^ident's 1979^ budget ^ submitted to the Congr^ on January 23, 1978, provides^ for a 
thirty^eight percent inCfea^ in funding for t^e Climate Progfam, from a 1978 leval of $75 million 
to a 1979 level of $104 million * 
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means for conctecting a new range of predictability .studies. The models 
could also be used for studies of the sensitivity of the atmospheric general 
circulation to natural and man-made changes in import^^nt physical 
processes and hence provided a means for testing hypotheses. 

Developments in ^eanographic and geological science provided new 
capabilities for acquiring ocean cores at great depths, for sampling oceanic 
sediments, and for accurate palec^imatic dating. The study of past climates 
took on a* wholly new character and provided insights on the intensity and 
frequency of past climate changes that lent new perspectives on recent and 
p>ossible future climate changes, 

Diiring this pericd it became ^possible within the limitations of the 
mathematical and physical frameworks available to examine the 
ocean/atmosphere system, and, using the^new technology, to mount a new 
kind of field program that could define critical, and unknown physical 
processes. Excellent bibliographies of the many scientific contributions can 
be found in the NRC reports referenced above. 

The Global Atmospheric Research Program (Garp), jointly sponsored 
by the World Meteorological Organization and the International Council 
of Scientific Unions, became the framework within which large-scale 
international field programs and collaborative research were mounted to 
define some of the key physical processes associated with climate and its 
variations, such as those involved in air-sea interactions, and role of 
tropical convection in the. energetics of the global circulation. This program 
will culminate in 1978 and 1979 in the Global Weather Experiment, one of 
the most comprehensive international scientific experiments ever conduct- 
ed. 

This resurgence of scientific interest in the climate coincided with and 
was stimulated in part by a series of disastrous climatic events in many parts 
of the world and by a growing concern for the impact of man's activities on 
climate. Beginning in the sixties and running through the seventies, 
climatic events generated startling economic and political consequences: 

• About 1970, the southern border regions of the Sahara r3esert, the 
Sahel, succumbed to a five-year drought. Famine and death on a 
continental scale r^ulted. Nomadic populations had to be herded mto 
refugee camps to be fed and sustained by a vast and costly international 
food aid program. 4 

• In 1972, a killing winter freeze, followed by a severe summer heat 
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i wave and drought, reduced Russian grain production by twelve percent. As 
a result, the Soviet government entered the world food grain market and 
drew world r^erves down to a marginal point with reverberations on the 
international ^rice structure. In the same year, the anchovy harv^t off 
Peru collapsed, with a serious impact on the world's supplies of animal 
protein. and on world demand for soybeans. The United States was forced to 
embargo the export of soybeans, an action that generated severe ^litical 
reactions. The collapse of the anchovy harvest was due partly to overfishing 
and partly to the occurrence of . El Nino, a warming phenomenon that 
invaded .coastal Peruvian waters as a result of changes in atmospheric 
circulation. 

• In 1974, India and Southeast Asia suffered poor monsoon rains with 
consequent reduction of food supplies in that region, 

• In 1975, a severe frost in Brazil destroyed half of the coffee tre^ in 
that county, CJoffee prices on the world market skyrocketed, and a pound 
of coffee in ithe local supermarket exceeded S4,00. 

• In 1976, drought in Western Europe d^troyed the potato harvest/ 
The potato growers of the United States founB^an unexpected market for 
their supplies. ' . . 

• The wmterof 1977 brought abnormally cold weather to the eastern 
and midwestern parts of the United States, A shortage of natural gas 
supplies forced the closing of schools and industries and caused wid^pread 
temporary unempj^oyment. 

• Starting in the autumn of 1976 and continuing through the summer 
of 1977, a.^olonged drought plagued the Pacific Coast with forest fir^ and 
low water supplies, 

5 

Why has the reaction to these climatic events been more acute than in ^ 
the past? Similar ^ climate changes have occurred previously in the 
instnimented record of the past century. The difference is that the 
vulnerability of the society, even to small fluctuations of climate^ is now so 
1 i severe 'and so persistent that governments must act in whatever ways they 

can. 

I he consequent politics of disaster and economic disruption generated 
" deep concern among leaders of governments throughout the world. As 
never before, political leaders realized that we had moved into an era of 
marginal food supplies. We had reached the marginal condition where a 



11 



ERIC 



' CLIMATE AND PUBLIC POLICY 

failure of the monsoon in India or a drought in the midwestern United 
States could have worldwide consequences. We realized that the world 
could meet its food requirements^ given present distribution systems, only 
when growing weather is favorable throughout most of the glo^. 

As never before, U.S. leaders realized that the increasing world 
requirements for oil and gas and the dependence of the United States on 
foreign sources had rendered our energy distribution and allocation 
vulnerable to the vagaries of climate. The marginal ity of our ener^ 
supplies in the face of climate change emph^ized during the Arab oil 
embargo of 1973, Then, only by the grace of a warm winter, was the United 
States able to provide its heavily populated and industrialized eastern and 
midwestern areas with adequate enefgy supplies. The cold winter of 1977, 
and the natural gas shortages, finally brought home the full implications of 
climate fluctuations for our energy policies. 

As if these natural climatic calamities were not enough to motivate 
governments and the scientific community to action, there now emerged, 
contemporaneously, a sequence of ominous findings on the potential for 
man-induced climatic catastrophes. Suggestions that agriculture and land= 
use practices might have an impact on climate or that changes in carbon 
dioxide or particulates might afiect the radiation balance of the atmosphere 
and hence the climate were elements of various theories of climate change 
going back many years. However, only in the past several decades have we 
had available the observational data, the understanding of the physical 
processes, and the means for hypothesis testing to place these ideas on a 
reasonable scientific basis. 

Such concern with man's impact on climate must be seen as part of the 
emergence of the national and world environmental movement whose 
interest was in all aspects of man's impact on the environment. New 
chemicals used as pesticides and insecticides and as household and 
industrial materials were found to affect the viability of ecosystems and the 
health of humans. The pollution of the oceans, the destruction of the 
wetlands, and the depletion of endangered wildlife led to a new 1 i 

environmental consciousness. The result on the national scene was the 1969 
National Environmental Policy Act, and on the international scene the 
United Nations Conference on the Humatn Environment in Stockholm in 
1972 followed by the establishment of the United Nations Environmental 
Program that same year, / 
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As a result of the work in the early seventies of Harold S. Johnston and 
Paul J, Crutzen,! the controve^ surrounding the decision to build a U.S. 
supersonic transport served as the ^ first forum in which the i^ue of 
environmental and hence climatic impact of stratospheric contamination 
was raised. The effects of the oxid^ of nitrogen (NO^^) created by the high 
engine operating temperatures became the fc^us of concern, and the 
c^|alytic effects of NC^ by SSt's on the phot^hemical equilibrium 
mamtaining the ozone in the stratosphere were thoroughly inv^tigated. 
Calculations showed that introduction of NO^ into the strat^phere by SST's 
could lead to a reduction of total ozone. 

The principal concerns then gradually shifted to the effect of the ^ 
reduction of ozone upon human health, the health of ecosystems and the 
noise problem. It was already well established that the reduction of total 
ozone would increase the amount of ultraviolet radiation reaching the 
earth's surface. Increased incidence of skin cancer could be predicted with 
more uncertain consequences for all living organisms. 

It was further ropognized that the reduction of the ozone would also 
affect the heating of the stratosphere, the ozone being a key absorber of 
solar ultraviolet radiation. Only vague speculations, however, were possible 
about the type of climate changes this would imply. But the issue had been 
joined. The concerns led to some of the most extensive examinations ever 
attempted of the possible impact of climate changes on world agriculture 
and other economic activities, as part of the Climate Impact Assessment 
Program of the Department of Transjxjrtation. 

The stratosphere soon began to appear as an Achilles heel, sensitive to 
attack by other chemicals. As a result of work by F\ W. Rowland and Mario 
J. Molina in 1974,^ fluorocarbons used as refrigerants and as propellants in 
spray cans were also found to be effective photochemical catalysts in 
reducing the total amount of ozone. Calculations showed that at the going 
rate of production of chloro fluorocarbons and at the rate that they could be 
eKpected to diffuse into /the atmosphere, significant decreases in the total 
amount of ozone could be predicted, with the maxwnum decreases 
occurring some years in the future. 

These two events touched off a search for other substances or industrial 
processes that might contaminate the stratosphere. The increasing use of 
nitrogen fertilizers tecame a matter of concern. The process of nitrogen 
fixation and the subsequent processes of denitrification can add significant 
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^ amounts of nitrous^ oxide to the atmosphere, which, ^j^nsformed into 
various nitrogen oxide compounds, might reduce ozone. Recent research on 
photochemical reactions in the stratosphere indicates that the Np^ effect on 
ozorte reduction may have been overestimated. 

As a result of the drought in the S4hel and the failure of the mil^spons 
in India, interest in the relationship betv^een climate, land use, Vjid food 
* production intensified, ItWas clej^r that climate chang^^ere' triggers for 
the process of desertification, whose underlying caus^ were poor land^use 
practices. Increased population prassures, jntroduction of new technologies, 
and changes in lanfl-use patterns produced a situation that^was highly, 
sensitive even to shiall changes in clirpate. It was suggested that the lanrf- 
use practices themselves might be airect causes of changes in regional 
climatic conditions, thus intensifying the climatic Conditions that triggered 
^the disaster in the first place. ^ 

Climaxing this series of alarmsiwere the conclusions of the Geophysias 
Study Committee of the Geophysics Research Board set forth in its rec^t 
report, Ener^ and Climate (1977). In a stark set of findings, couched in 
scientific caution and uncertainty, the board concluded t^t/our pr^ent 
energy pDlicies, which rely heavily and increasingly on the useM f^il fuels, 
especially coal, could result in a four- to eightfold increase in carbon 
dioxide. The consequences could be global temperature rises of^ as much as 
6"C over the next century and a half. An increase in world temperature of 
this magnitude is of the same order a^ ^hat which accom^nies the change 
in world climate from a glacial to ah interglacial period. While some 
scientists question the magnitude of the increase, few qu^tionfhe direction. 
The publication of the NRC report, Energy and Climate, further emphasized 
the need to address the scientific and public ^licy alternatives. 



THE STATE OF OUR CLIMATE KNOWLEDGE 

What is the state of our knowJedg% of climate and what needs to be done to 
11^ improve that knowledge? A comprehensive assessment was published in 

1975 in the National Research Councirs Understanding Climatic Change: A 
Program for Action-, prepared by the U.S. National Committee for the Global 
Atmospheric Research Program, An outstanding treatment of the problem 
by an international group can be found in The Physical Basis of Climate and^ 
Climate Afodelling, a publication of the Global Atmc^pheric R^arch ^ 
Program.'^ 
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Understandirig Climatic Change conta^is a fine treatment of^e physical 
» basis of climate and climate change, ofVmr l^.owledge of past varfefions of 
climaite and what thtse imply for the future, and of the scope of present 
research now under way on problems of climate. That report concludes by 
examining the nature of ^he prefent' deficiencies in our knowledge and 
outlines a national antf international research program required to. fill 
present gaps, A panel of, the 0,S, CjARP Commit^e has recently completed 
preparation of a new report, "Elements of a Researc)^ Strategy for a United 
States CUim^e ProgranL" , . 
™^ There app^^rs to be general agreement on the majc^r deficiencies.* 'F^ 
example, clirrtatic research is' hobbled by the lack of sifn|bly organized, 
climajtic dala.f^ata needs for cliaratic research span a broad spectnjni. The 
vast ^mounts of instrumental data that now exist in me climatic archives 
need^o be reordered so they can be used easily ^for climatic analyses. There 
is ^ need to a^emtle noninstrumental historical data from manuscripts, 
logs, and journals. Proxy data of all kinds need collection. Tree ring data, 
movement of glaciers, lake and deep-sea sediments^ ocean and ice*coref— 
all provide invaluable sources of paleoclimatic information. With such data 
it would be possible to extend the climatic record many tens of thousands of 
years into the past. And insight into the past is valuable for foreshadowing 
what may be in store for the future. Tliere is, in all, a formidable task in 
climate data management. 

There is also a need for welUd^igned global monitoring efforts b^ed 
pn new technology that can supply observations of the global fluid OTyelope 
and define critical physical proce^sses and boundary con^^m^ High 
priority must now be giv^n to the conduct in 1978 and 1979^f the CHobal 
Weather Experiment of the Global Atmospheric R^e^rch Vrogram (also, 
known as the First GARP Global Experiment or fgge). The Glpbal Weathj^ 
Experiment will place the world's atmosphere and oceans uno^jhe/^ost 
extensive observation in history. Five geostationary and two polar-orbiting 
satellites, networks of ocean data buoys, and fleets of aircraft will augment 
the global weather observing system. Thi.s effort should provide the first 
comprehensive set of global oceanic and atmospheric data suitable for the 
study of the dynamics of interannual dimate variations. 

Beyond this effort, there is a ^ed to monitor oceanic, biospheric, and 

, ^-^ 

•My summary draws heavily upon t^e nrC publication Undmtanding CiimaU Change: A Program for 
Action, 
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^ crycxpheric conditiona that determine ^ential boundary exohanfe 

proems. It be inipoitant to lucpitor the radiation^ balance of the 
atmosphe^ by inore pradse itieai^ranent of the solar comtMtj the spectral 
diralbution of solar radiatian, &d the outgoing shor^ava arid loi^wave 
radiation, f 

* . Tte M^u^y a fuftd^to^yU in ^ prao^m of dum^dc 
il^^mge. Meaiurraiente of the thermal Condidon of the oceiui ai^ the 
interaction of the oeaani with the atmosphere are e^mdiJ. Seme pn^^^ 
y ^ has b^n made in monitoring the worldwide' dis^budon of sea surfabe 
^ temperature fmm satellites but much more ne^^ to be dme. It will 
require a 'combination of shi^, buoySj and satellite observadons. We have 
\ no ecdnomic way to monitor the state of the thm^al re^^ir ot the tsDced 
layer, whi^ is critical to any long-terai predictidh of aunospharic 
* ii^^ conditions. : ^ 

Chanf^ in the cryosphere n^y be the most viable aspwt of eUmate 
^' &\ change/ But more th^ that^ snow and ice covets direcdy affect climatic^ 
conditionsi and in turn are affected by th^, Tbi&y are pzincipal 
,detenn%ants of the surface energy balance. We better measurements 
of fhe distribution of sea ice in the polar oceaiA and the extent of glaciers 
and ice OTver over land. ^ ^ 

^ A.^knowl^ge of the exchange between the biosphere^ lith<^phere, 
hydr^pherCj and atm^phere is e^ntial for many outitajiding climate 
problems, si^h as di^^ involved \^th carbon dioxide. Ultimately^ we will 
need to underst and A enatural changes in the vegetative cover of the 
f " surface ©f , the eyw^^^l^g^^such global monitoring is gradually 
coming into beikg mrough the Lan^at satellite. We will need to know 
^bout soil moisture and groundwater^ about the flow and discharge of major 
river systems, and about the total precipitation, ihcluding the minfall over 
^ the oceans. ' . 

> We will alK> nmd to acquire greater knowledge of a wide range of 
atmospheric chemical constituents. We ne^ to know more about the global 
120 carbon and nitrogen cycles. And it will be important that we have a 

knowl^ge of ozone concentration, water vapor, and various other chenucal 
constituants of the stratospheres all of which can be reponsible forichanging 
'i the photochemical equilibrium/ of the strat^phere. / 

f Without a theoretical basei however, there is no way to decide what to 

> ' observe, how to organize our obsen^ationSs or how to use them other than in 
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. sti^jtttive appra^ls. Our theoratical unetentanding of stmtospheriQ, 
photochmiaU pma^m is rea^nably well develop^^ But while our ^ 
undeiituiding of eUinate dynamics has prc^^ed substantially, we une far 
fFoni a th^iy of cUmatf fuid mu^ ranmns tp be done. A fundmnental 
problem oent^ ^^jAe predictability of dimite. Ex^lent prc^i» has 
liiw made in unddititf(^ng the nature of 4^e pr^et^tli^ of daily 
fluetuations of weather and the theorednl poMbilid^ for ac&nding the 
.time range of daAy for^^isti. Simflar studio ne^uired with repeat to the 
predietability pf climate. 

. The key to developing a rational theory of climate change is the 
simulation of the atm^pheric general circulation by glpb^ numerical 
tnodels ^led general cirmilation mcdels (gcm's). In re^nt yean, th^ 
models have b^ome suflSciently sophistioit^ to pemut the initial 
ekaminadon of thwn^ of atmospherft^ behavior and the reaction of the 
global atmosphere to chan|f^ in various physical procw^ and to external 
impuls^. Important sensitivity studio have alr^dy baan conducted and 
have given us new insight into ^e reaction of tite atmospheric, circulation 
to change in sea^iuriaire temperature^. variation in carbon dioxide rontcnt, 
and introduction of volcanic aeroiols; and climatic responsa to v^adons in 
orbital parameteri. We have entered an era iti which it is booming possible 
^ to carry out studio of the sensitivity of global atmospheric circulation to 
change in boundary conditions or other physical proc^^. 

For aU the progr^ made, howewr, general circulation models are still 
primitive in their treatment of many physical procra^. They do not trrat 
wet proc^s^ welL Cloud formation and di^ipation are only ct^dely 
simulat^. Cqnvective proce^^ and phenf^mena smaller than the m^h 
len^ of the niunerical pid systems (about 100 km) are poorly 
parametered. The interactions between the atm^phere arid the underlying 
surface, which are critical in determining heat, momentum, and moisture 
exchanges, are only crudely taken into account, ^ 

Ultimately, coupled global atmosphere/ocean models will be required 
to simulate the important proc^^ in the fluid envelope of the earth. We 121 
have a long way to Our knowledge of the dynamic of the oc^ns and of 
the r^ponae of the seas to atm^pheric motions is sketchy and inadequate 
for the development of models of the oceanic general circulation* This must 
be a key area of r^earch. Projects of the National Science Foundation's 
Iritemalitfhal Decade of Ocean Exploration, such as the Mid-Ocean 
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I^fUmi0 and North Padflc exf^riments, are opening new a^^nu^ for 
suchftudy. ^ ^J.^ 

Our knowlrage of past climate has improved inunen^ly dirough the 
growing accumulatibn paleoclimatic infpmiation. is npw piesible to 
reconsttu€t major v j^piqt^. ^pf the toUndary iCOnditioni and i^^ysiatt 
chaimcteriiti^ of the drculations that occumd in r^ote huitorical and 
geological time. An attr^Mve oppoitunity now present itself to reoomtmct 
the atmoipheric circulation consistent with th^ r^donstt^ct^ boundary 
conditions. Such reconstructions can provide insight into the natui^ of the 
circulatiMithat are a^ociated with geological and hist^*^ fluctuations of 
climate.^ 9 - ^ * 

In die n^ih to focus on thMe aspects of the climate problem^^that re^ai^ 
directly to our need for greater ph)^ical understandingj we must still insure 
that empirical and diagnratic studio .otTqlimate variations are encour^^ed. 
There is no institute for the careful analysis of actual . fluctuations in 
clinmte in providing insight into imf^rtant proc^^ oceans and the 
atmoiphere. These studio can cbntributd greatlylto our understanding of 
climatic process^ and provide empirical bas^ formftempts to improve 
climatic predications. However^ even the modem dat^ oase is inadequate^^o 
define^ unambiguously, the global structure of climatic variability of the last 
forty years, 

AlsOj our focus on longer-term r^earch must not otocure the need for 
substantial effort to improve present predictions of climate change or 
provide more precise estimates of the consequence of man's impact on 
climate by the systematic application and toting of pr^nt capabilitie. 
Studies of the impact of climate changes upon existing^social and eranomic 
conditions can provide inestimable help for those who must fonnulate 
public policy, Th^ studies arc ^entiaL ^ ^ 



CLIMATE AND PUBLIC POLICY ^ -i 

The directions for science seem Clearj but what about the directions for 
public policy? The prime goal of our public polipi^ must be to reduce the 
vulnerability of. society to the adverse impacts of climate change. Public 
^licy must also seek to ameliorate the impacts of climate change when 
they orcur. The range of ^^ible public actions is broad. They include 
actions improve our scientific knowledge, to provide economic incentives 
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to bfuld protMtive'wo^ks, to compmsata for lomm^ and frore. 'An interatin^. 
oeatmant of mmy options can be found in An AssessmmU ^ B^mrch m 

Policy altmiativ^ de^nd on the indmdual natur6 of climate threati. ^ 
^eir cra^^^ty, imtn^iac^, and m^utude of projected;iinpaQt deter- 
tbS^jl^babili^ and character of pubHc^ p^icy i^^poi^/ iThw 
chaimcteris^i^Y^ry grutly for sp^ific climatic threats, and imprwements 
in our knowledge of them can come only i^ro^gh^ {mproved sdentiflc 
underitandirig .'C^ ^the- hature, causes, and impact of climatic fluctuations. 
As a rmilt, ^ai^^iiii public ^lici^ are directed toward sdmulatiqg^a 
vigorous r^ean^^^ort to increase our understanding of climate chw^ 
and their impacts. As a matter of public ^li^ we are now moving, as 
mentioned earlier^ toward the ^tablishment of a National Climate 
Prop'am. The executive branch and the Congre^ are joined in supporting 
this policy. For example,'S.1980 stat^ that the Congr^ finds and declare 
the following: 

The pr^ent ability> to anticipate and explain either naturals fluctuations or man- 
indued changes of climate is insufflcieht to provide maaningful dDnfributioni to 
policy formulation concerning agriculture, energy, tmnspartation and other critical 
sectofi of the cconomy,^^*^ ^ - 

Similarly, the House bill, H.R. 6669, in its flndinp, states: 

Congr^ finds that . . , the United States at the pr^nt lacks a sustained and 
coordinated program 6f climate monitoring, analysis, information diMminadon, 
and research; [and that] the pr^nt ability to anticipate and explain either natural 
fluctuations or changes^ or huinan^induced change of climate is insufflcient 
ad^uately to guide policy fonnulation concerning agriculture, energy, transporta- 
tion, and other critical sectors of the economy,^^^^ 

' These congr^ional views are siniilar to those of the executive branch. 
In his foreword to A United Staies Climate Program P/an^ Frank Pr^, 
Chairman of the Federal Coordinating Council for Science, Engineering 
and Technology, states: ' 12*5 

^There is today a growing consensus and a sense of urgency concerning the Nation's 
needs for anticipating climatic change. While we have made tremendous stride in 
recent yeai^ in undei^tanding the basi^ for long-term climate change^chang^ 
over the last 20,000 years^ — ^shorter variations, Seconal and year-to-year, have 
pfoved far more difficult to imdeRtand. We now must intensify our efforts to : 
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^^LriatiOm on a uieful time s^e^^to work toward the r^^piition 
foimation that v^l allow us to forfait r^onal and lo^ 
cpnt^igenci^ on the national s^e.^ 



Typirai of the yiisvi^ in the science community is the statement of 
^Vei^ Sttcwm, Ghmmm of ^ the U.S. Committee for the Gl AftI 
Attnospheric R^arck Prop^^of the National R^eardi Goundl* In 
UndmUm^g Clmatic Chmge^ he §t^^ that "... nrither.the sdendflc 
ramfiiiaiity nor^e pa^on^n i^&rd to be qnplacent with its pr^ent level 
of tinderstandihg on j this important aspect of the earth's physical 
environment. The natural forc^ >determining the world's weaker and 
climate are beyond ou^ control ^ but naving better insight into what nature 
might do should help tne nat^ to plan for what it must do."^ 

Filially, in the re«nt NRC report Emrgy and ClinuUe^ imied by the 
' GMphysicB Study Co^n^ttee, of the Geophysira Reswrchv ^ard, Philip 
^Abelson and Thomi^ Malone, co-chairmenj stated that "to reduce 
Dnqirtaindes and to the scriousn^ of the matter^ a wrell coordinated 
program of r^evch which is profoundly interdisciplina^ in character and 
strongly international^ icope will be requi^ 

We have unanimTty on what is ^rha^ the central aspect of public 
climate policy— the need for a broad research'-effort to rrfuce uncertainti^ 
in our climate projections and to enhanco our ability to anticipate climate 
change. This uhanimity extends to international policy. The World 
Meteorological Organizationj the United Nations Environment Program, 
and other U.N. agenci^ as well as nongovernmental bodi^, sudh as Ae 
International Council of Scientific Unions (iCStj)^ are taking acUon. At the 
Unitc4 Nations D^ertification Conference^ heU! vn Nairobi in September 
1977 J there was unanimous agreement m rr immendations for a 
strengthened international climate r^arch eff* ^ At the September 1977 
meeting of the Executive Committee of iCSUj there was a sinular 
recognition of the need for an international r^arch effort. 

Public actions are closely tied to the perceived reality of climate threats 
such as thc^ that occur on monthly^ seasonal, or interannual time scal^. 
Fluctuations of climate on thtee time scalra arc r^ponsible for severe but 
familkr economic and soci^ impacts. The threat of droughts floodj or 
abnormally warm or cold spells are fully appreciated* They have occurred 
repeatedly, and public policies have evolved to addr^ their consquenc^. 
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f Most such public polici^ are bas^ on the view that climate change are 
unpredictable. 

However, while there is only sHght^ dull in monthly and ^a^nal 
^ ior^aiting, and none for ii^temnnual p^ods, our \kn wJedga diniate 
^ ^^^riabiiity is extensive. The historical instnuMntal ferord proyidei 

^ * Informatibn on the frequency of past occuirmc^ of climatic ewite. Such 
frequenci^ are reasonable measure of the probability of ewnte and hence 
a basis for ^timating risk of various otu^^ of action. Further, many 
climatic evente are the r^ult of wiather conditions extending wer a period 
of time. Droughts are a gc»d example, ^cause they are the cumulative 
r^ult of weather over weekSj montlp, and sometime yean, useful 
projections are p^ible; even in the* face of great uncertainty about the 
future cou^ of climate. Incoiporation of knowledge of climatic variability 
into public decision making can help in risk a^^ment and hence be an 
imfproved basis for policy decisions. It is encourl^png that the Secretary of 
Agriculture, Bob Berglandj recognizing the jfailure tq incorporate our 
knowledge of climate variability in agricultural decision makihgj has 
launched a new effort to acquire and use such data in risk a^^mient in the 
*^ - work of his department— and none too soon, as the recent pr^idential 
decisions on wheat acreage illustrate. ^ * 

On August 31, 1977i the headline of the Washington Post highlighted* 
Pr^ident Carter'i decisipn to reduce U.S. wheat acreage. With the price p| 
grain plummeting on the world market as a result of anticipated good 
foreign harvests, the Pr^ident was confronted with a major decision on 
agricultural price supports. Good growing conditions in 1978 both in" the 
United Stat^ and abroad could cmt the Lf.S* taxpayer billions of dollars in 
price supports. A twenty^rcent r^uction in acreage to enable fani^ers to 
qualify for price sup^rts would reduce grain surplus^ and could reduce 
the anticipated ccit of price suppoftt in 1978 by f6 billion. On the othef 
hand, ^or growing conditions in 1978 could r^ult in marginal world grain 
suppli^. The Prteident bet on good 1978 growing conditions. 

-2^ But, as if to point up the need for strengthening the climatic 

underpinning of such agricultural policy decisions, the Soviets, on 
JVovember 1, 1977, disclosed a serious shortfall of twenty million tons of 
wheat in their 1977 harvest This came just two months after the 
pr^idential decision to reduce crop surpluses. This shortfall was a surprise 
to the u,s. government, which, even as late as a week before the Soviet 




discloiuie, projecting good 1577 grain han^^ts in the Soviet Union. 
TTie existent of the Soviet shortfill raised the question about the Midom of 
the prudential decision. The surprise in this case may not have been 
rierasary; the cumulative effects of the summer and fall weather on 
' ^growing ronditi^^ in central Asia in 1977 were known to cdiniatolo|^i^ at 
the Center for Climate and Environmental i^^^nent of the National 
Oceanic and Atm^pheric Administration. The experien^ points up the 
critiral need for more systematic imt of available climatic knowledge in 
public ^policy decisions th which climatic factor are important. 

' The public policy r^ponse to natural climate catastrophe on 
monthly^ ^sonal, and interannual time scales, because of their economic 
costs and " the social disruptions, h^ve been principally direct^ at 
p^tdisaster relief, uisurancej or long-term protective measure. Over the 
past half century^ Congr^ has revi^ and up-dated public disaster policies 
to reflect political and humanitarian coAccms stemniing frorn specific 
disasters. The Disaster Relief Act of 1974 and the Flood Insurance Act of 
1 973 are cj^amples of r^pons^ to sequence of actual climatic events^-Th^e 
are public policy responses to soften the impact of climate-generated 
' economic loss^ of staggering proportions, ^^nuti agriculturaj 1^^ alone 
.average about $3 billion. DamSj irrigation s^tems, and rmervoim are the 
technological insurance that pubh:c policy has will^ us against the ravage 
of climatit chah^.^ ^ ? ' 

What the government seeks to db in Jts emerpng pQliw^ to support 
major new climate r^arch efforts is to alter this situatioh. It seeks to lay. 
the basis for rational predisaster public actions b^ed on an improved 
knowledge of risks* There are ^me excellent exampl^ of what can be done 
in special situations where it is possible to predict climate-related events for 
periods of months in the future. In 1970^ it was pc^ible to predict the high 
probability of spring snow-melt floods in the upper Midw^t several months 
in advance. This prediction was made on the basis of the snow 
accumulations on the ground during the preceding winter and estimate 
based on various climate scenarios. The Corps of Engineers, with other 
federal agencies^ launched **Operation Foresight"— a program to build 
protective works around endangered facilities and along river banks to 
contain the expected flood. The Corps of Engineers estimated that such 
predisaster protective actions prevented hundreds of millions of dollars of 
economic lo^, which otherwise would have occurred. 

. / ■ - 
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Hmvever, there has toen no extensive Icx^k at how^l^th^e public 
poUd^ relate to one another and to our climatic expectations. Some 
tough i^^i such as those related to land use or the establishment of f Odd 
r^erv^^ ri^d examination through ^tm dimatic prim. We h^^ dtfvelopad 
a major ^[licultutmi depend^^' Oh mM^em dmiatic^y d^^fljt inimitar^ 
we tran^ort water at great c^ to th^ areas. The pcoblmi is how to^ 
bring water and the food production activiti^ together. Ab a matter of 
' 4\ public* pcriicy, we have tr^itionally sought to bring the^^ter to the food 
produccri. Is ther^merit in modifying this jxjlicy by enerar^ing pr^uceri 
to move to areas with adequate water? Stephen Bchndaerj in Ths Gmesis 
StraUffi,^ pleads for a food r^rve policy as iimi^^^'^^punst the climate 
fluctuations. Action along th^ lin^ is slow in fdrthcomingj but spme 
. / ^ fdrward movement is now taking place to ^tablish interniitionally 
, d^ighated national grain reserve as a rmilt ot action by the World Food 

CounciL From an ^ological view, the time may be at hand when we must 
think in tejm^ ^ climatic "zoning." We ne^ to be clearer about idaas^ and 
this sugg^ts the need for a range of ra^arch on public policy alternatives. 
The public policy outlrok chan^ rascally when we consider climate 
7 changes of lesser credibility and immediacy. Seveml of the climate alarms 

of the p^t decade are4nstructiw for what they indi^te about the proc^ of ' 
policy formulation in th^ cas^. Of special interest are the alamis about 
impacts on the strat^phere r^ulting from the release of clyemicals that 
affect the photcrchemical equilibrium maintaining the stratc^pheric oEorift/* 
Special inter^t also attaches to the alann about the impact ^of incr^ing 
carbon dioxide on global temperature. Th^ clinmtic threats mre 
signiflcaritj because they are man-made j and government repilation can be 
invoked to ameliorate the cause of p^tulated climate change. T^ey are 
caused by, and their amelioration directly affectSj specific industnal and 
commercial sectors. Regulation to l^en the threats require international 
cooperationj as the sources that pr^uce them are intemationally 
distributed andj therefore, regulation within a single nation would be 
128 ineffective. 

Unlike the shorter-term natural climatic fluctuations, which are 
uncertain only in that their timing is unpredictable, th^ longer- term, les 
immediately obvious threats are uncertain not only as to timing, but also as 
to their magnitude and their impacts. Th^e threats, while butt^-^^J by 
specific observational data on pertinent physical processes, are ^^tulatcd as 
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a, rmalt pCj^difficult chain of theoretical reasoning and »lculation. l^bUc 
policy ^Attiulation nijj^ take ^ace within a broader envelope of^ 
unoertainty^ - 

Harvey Brooks,^ In September 1975, t^tified on some of the public 
policy asp^^ of environm^tal problems of this t)(pe befoi^ the Subcom^ 
mitt^ on the Upper Attnosphcre of the Gomndtt^ on Aeronautical and 
Space Seien^ in the U.S. Senate. In addition to some of the chaimcteriiti^ 
indicated above, Brooks ^int^ out that the environmental impi^i tiiat 
could r^ult from such threaten^ events may be difficult or imp^^^eho 
reverie in the hiture if public action is not taken at an ^rly date; yet the 
extent of fu|iyr& damage from the ^onomic activities that ranmbute to 
th^ climatic threate is quite wealdy linked to the timing .of any rqulatory 
measure. They reprint a class of proWems in which it is n^^ary to 
weigh longer-term potential detiimental effecte against the near-term 
effects of regulatory actions on particular industri^. 

Brooks' con^rn is illustrate by the recent experien^ involving . , ; 
possibly harmhil changes in the stratosphere due to supcii«^c transport ^ 
emi^ions and the wid^pread industrial use of chlorofluorocarbons. A^ 
current example is the inter^t in the effects of an incrMse in the ^carboa ^ 
dioxide content of the atmosphere due to the combustion of fc^l fuels. 

The threat reprinted by the contamination of the strat^pheric 
ozone layer was perceived principally as a threat to health rather than 
climate. The consequence for climate were uncertain. The major focus of 
public attention- was on the potential increase in the indden^ of skin 
cancer. The i^ue waa raised about the time the Congr^ was attempting to 
defide whether to authorize continued construction of the u,S. supersonic 
transport. It was the high-water period of the envirbnmental movement in 
the United States. The SST study by the Department of Transportation and 
the NRC-s Committee on Impacts of Strat^pheric Change indicate that a 
limited number of iupersonic transports would have environmentally 
minimal effects upon the strat^phere, but that a much larger fleet muld 
result in unaccep|abje environmental consequences. While the qu^tion of *^129 
the environmental impact of the SST was of deep concern to the ^n^^, 
and J indeed s influenced the congr^ional decision, there were other more 
fundamental economic concerns that determined the outcome. 

Ln the case ^of fluorocarbonsj the courae of public action was different. 
A social governmental task force , ^tablished jointly by the Council on 
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. Environmental Quality and the F^eml Council for Science and T^hholo- 
gy^ to study^he effects'of ffuorocarbons on the itratMphere randuded that 
the ozone rcductio|i thr^tened by continued u^ of fluoro^u'bo^ wni 
iuflSciendy ierious as to require consideradon of regulatory action to riduoe 

y the amoiint of fluorocarbons being emitt^ to the atei^phire. ^^ NRCt in 

^^m^ September 1976, i^^ iti reporte, preparetflby the ^mmitt^ on Imppc^ 
of Stratoipheric Change, and its Panel on the Effects of Halocarbons on 
Stmt^peric OzonCs which confinned the ^ential fruiework and scientific 
cohclufi&ns of Rowland and Moliria, and the oonclusioiu of the govemmen-*^ 
fal taskjorce. The NRC committee recommend^ a delay of up to bvb yean 
ih the decision to rebate, to provide time to r^uce the identific 
^ uncertainties. * ' 

. * V ^pite of the lugg^tion that there was time to carry out further 

r^ai'th on the problemj thfc Food and Drug Adndnii^adon conclude 
that the risks were unreMonablc.aj far as long-tenn biolopcal and climatic 
impacte, that a delay to cany out further r^earch to improve the ^timat^ 
was not warranted in the light of the ristej and that r^fulatory action was 
^ ne^ed. In October 1977, the Food and Drug Administration, the 
Environmental Protection Agency, and the Consumer Product Safety 
Commi^ion joined to take action to initiate a phase»out of the use of 
non^sential fludrocartons in producte. 

In its draft Environmental Impact Statement on environmental and 
health implications of fluorocarbons, the Fo^ and Drug Administration in . 
May 1977 proposed a prohibition of all non^^ntial us^ of fluorocari^ons as 
propellants in self-pr^urized aercrol containers subject to jthe Food, Drugs 
and Cosmetic Act. The stated environmental impacte are inter^tin^to 
note. They dealt with reduction of thfe damaging ultraviolet radiation; the 
riaduction of the number of new casd& of nonmelahoma skin cancer; the 
reduction of other health effects of increased ex^ure to ultraviolet 
riMiation, such as' premature sldn aging; and the reduced potential for 
adverse nonhuman biological impacts, and pc^ible climatic changes. Note 

1 30 the emphasis on health rather than climate. 

The time between the findings of Rowland and Molina in 1974 and 
the regulatory action of the U.S. government in 1977 is remarkably short. 
This IS specially true given the fact that actually otoerved reductions of 
ozone could not be detected in the face of its normal variability. The public^ 
policy decision was based largely on the theoretical ^Iculationp supported 
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by obiM^ationi of key ph)^cal prro^^. How waa it po^ble to bring 
about ^ch a public poUqr raponse In the face of a pc^lated attn^pheric 
^ '^effea .that would not nmterialize in a serious.v^y for te» or flft^n years 
ahd . w the absence of any actual observations of the postulstfed effTCt? 
^ Thfc most imj^rt^ factor waa the new unanimous scientiflc opinion 

on die matter^ lending" a high mMmire of CTedil^ty to Ae predicted 
impact. The unanimity of scientiflc opinion largely stemmrf tmm a well- 
developed body of theory coupIed^ with observations of c^^Jn critic 
physical proce^^— a result of sustained basic r^eiuch over the y^m on 
stratospheric photochemi^ proc^^/ Also important w^ the a^^labili^ 
of alternatives and an enlightened impacted industry. The economic 
'Si consequences for the fluorocarbon indust^ were indrtd substantial, as the 
' record indicates. Howwerj insofar as aer^l propellants were concerned, 
there were alternatives that could be adopted by industry. fttipMie or 
carbon dioxide propellants could be used in aerosol cans. The shift occuired 
.rapidly as industry recognized that repilato^ aqdon was imminent. In 
short, there .were rea:^nable ^tcrnativ^, in spite of signiflcant eOTnomic 
dislocations. 

The public policy issu^ reprinted by the climatic threat of carbon 
^ dioxide are of a different pature. There is general agreement that the 

problem could be cosmic in its impact on national and international energy 
policy. If pr^nt projections of approximately a 3^C rise in average global 
temperature for each doubling of atm^pheric CO2 are reasonably 
accurate, the climatic effects of the increasing use of f^il fuel may indeed 
be\ primary constraint on energy policy over the time j^riod of the next 
century. 

4 In this case, unlike that of stratospheric ozone, the COg content of the 

atmosphere has long been observed to be increasing. Records over a period 
of several decades from the Mauna Loa Clim^e Ol^ivatory in Hawaii, of 
the National Oceanic and Atm^pheric Administradon, have shovvn a ^ 
systematic increase in CO2 content. Similar increase are reflected in other 
obsen^ations. Scientists have been alert to the situation for many yeais. 
Finally, through the work of Manate and Wetherald (1975) at the 
Geophysical Fluid ^namio Laboratory, National Oceanic and Atmo- 
spheric Administration, at Princeton University, sensitivity studio using a 
comprehensive but incomplete general circulation mathematical m^el 
provided the m^t recent and pr^umably the sound^t answers^tp qu^ons 
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about the cons^uenc^ for climate. The math^atical model ^culadom 
' ranflraiad what had been siiapect^— that global, sea-level tampmitei^ 
could ino^i^i^ pa a imUt of COg increase 

The Geophydcs Study Gommitt^'i report, and ClmM, §ugg^ 

the pMibili^ that by 2150 the coiMqaen^oDuld include^ ^ 

. * A meltiiig of gladers ^d reduction in the amount of sea ic^ musing 
ri^ in sea level of the order of fifteen to twenty feet 

• Increaied rat^ of photosynth^is that vrauld beneflcially ino^ease 
, plant ^^wth, . 

^ * A nc^thward ^ift of agriculture zon^ and a coi^eiqumt shift in 

typ^ of ctops that would be adaptable to the new climatic zon^. Much of 
this shift would be beneficial in p^ts of the world such as the Soviet Union" 
and other areas where ,powing seasons are pr^ntly too diort to suppbrt 
certain types of agriculture. 

• Expansion of arid and se^arid regions. Howeverj there is r^son to 
suspect that some pr^nt arid areas nught become wetter as'v^ the 
situation in the "climatic optimum'" several thousand y^rs i^o. 

The uncertainty iurrounding th^ projections is so grmt that a public 
policy dilemma of the flrat order is pr^nt^. l^omas Malone (1977) in a 
comment to the pr^ likened the situation to the warning of a flashing 
yellow light' rather than a red light. On hearing this analogy, Douglas 
Sargentj Director of the oarp offl^ of noaa, not^ (personal communica- 
tion, 197J) that rarely do^ anyone in Washington step for yellow lights, 
The NRC report Ener^ and Clirrmte rais^ many qu^tions but avoids 
sugg^ting any public policy^ approach^ other than a need for i^ite^fied 
research to reduce uncertainty and establish a level of credibility where 
speciflepublic actions might be indicated. 

One of the key qu^tions go^ to the ability of society to adjust to slow 
environmental change. Man has experienced major shifte in climatic 
1*^2 conditions over the centuries. He has adapted b^ausc the change have 

/ been slow. Can we leave such adjustments to social and economic forc^? If 
not, are we wi^ enough to take public action now to ease adjusmfients to 
slowly, changing climatic conditions over a period such as two centuri^? 

The authors of the NRC re^rt have taken thf ^^ew that there is yet 
time, several decades, before there is a nee4 for decisions about ch^g^ in 
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our praent ener^pblici^. TTie public policy pr^lem \^ rampHrat^ by 
th^ fact that a diift from dependency on one energy ^urce to another is a; 
proc^ that extends over much of/ a century. If a shift is to be made, 
deciiiona to do so would have to be made at least half a OTntury in i^van^ 
to brii^ mbout m ^tduikl and oid^ly changeover. But rinc^ no ^^i^ 
alternatives to fo^l fuels are curtently sadsfactoiy for imiversd no - 
immediate decision can be made.^ And so, for the moment, public - 
policymakers can only explore the problem in as much depdi as po^ble. 

And. that is exMtly what is hap^ning m a matter of public action. 
Stimulated by the flndinp of the NBC and other groups, the new 
Departeient of Energy jrians to mcmnt an extensive r«arch pr^imm on 
the proUems of cai^bon dioxide m a limiting factor in our energy policy 
development The r^earch and development nectary to explore this 
further^are a major element of the newly emerging National Climate 
Prc^am, and the legislation now before Congr^ is supportive. 

If we examine the ramge of public policy actions that have ban taken 
or are being consider^j both dom^tically and internationally, in r^ponse 
to various climadc threats, one ftiust have a sense of satisfaction. The 
interaction Between scientists and public deciiion makers h^ been 
extensive and that has made for wund public policy. The impact of 
scientiflc flndinp upon the course of public policy is evident. If there 
appear to be any disagreements in our pr^rit public policy approaches, 
they are about institutions. The problems of climate are so pervasive, v 
engage so many scientific and technical discipline, and^ impact so naany 
segments of the economy, that it becomes very difflcult to get an overall 
institutional grasp on the problem and provide a comprehensive effort with 
some degree of overall guidance. This characteristic has been noted in 
En^p ar^ Climate, and some suggditions have been made for innovative 
institutional arrangements for a collective govemmental/nongoyemmental 
approach, involving the full talents of both governmental and nongovern- 
mental bodie. The institutional problem has teen of great conOTrn to the ^ 
Congr^, and ^nding legislation reflects its attention to this i^ue. ' 

It appears that the climate effort lends itself very nicely to the creation 
of new vypm of networks of institutions in which existing grou^, wh^ 
expertise is ^ential, can motivated to participate in a broad and 
comprehensive program. An institutional nerve center is n^ed as a focus 
to take an overview of ^he problems, to stimulate comprehensive planning, 
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and to monitor^ progress. In micraiosm, we face the same kind of 
institutional problem within the nrc, where some thirteen boards and 
committees have been deeply interested in one aspect or another of climate. 
The Climate Research Board is, in a sense, an institutional response to this 
situation and, it is hoped, will be able to. edge the NRC toward tfie kind of 
comprehensive approach that might serve as a model for a broader attack 
on a national and international scale, 
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COMPUTERS — SOME PROBLEMS 



Although the idea of the automatic computer originated during the first 
half of tiie nineteenth century, it only has been during the last twenty years 
that electronic computers have become generally available. Now ubiquitous 
and indispensable features of our society, computers will surely influence 
societal evolution. X 

ComputpFs are essential to scientific research, the modeling and 
solution of en^g|neering problems, the simulation of complex systems, 
business administration, dealing effectively with large volumes of data, 
control of some types of manufacturing proc:ess (see, for example, the article 
on integrated computer-aided manufacturing in this report), and the 
enhancement of person=to=person and organization-to-organization com- 
munications. With such broad and diverse applicability in the use of 
computers, it is not surprising that there ^xist a multiplicity of important 
problems related to them = their science, their technology, and their impact 
on society. Several such computer-related problems are described below. 
This list is far from exhaustive; however, it indicates the variety of topics 
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L Spectacular developments in electronic technology during the past 
few years have resulted in a radical change, for many flrniSj in the ratio of 
costs of computer hardware to computer software, Proce^ing ^wer, which 
some years ago cost $1 million^ can now obtained for about one- 
hundredth of that cost. Concomitantly^ production of software has 
proliferated to the point where its costs greatly exceed the cost of computer 
hardware,* . . 

Unfortunately^ there is very substantial redundancy in the software 
being developed, partly because software developed for one computer is not 
readily usable in another. Sof^^re problems are also due to the continual 
^modification of programs as new applications are developed. 

Several questions can be addressed. Should programming language 
standards, which would permit the^rtability of software (i,e,j the e&y use 
6f software by different computer s^tem), developed and adopted? 
Would the existence of such standards irtribit innov^ion and the "natural" 
evolution of the computer industry? What shifts, if any, would take place in 
the structure of the industry? What effect would such standards have on the 
quality, reliability, and cost of software? How are any recommendations for 
the adoption of programming language standards to be implemented? 

2, Another software pfoblem is ^termining the correctn^ of 
programL Many are sp large and so complex that it is an alm^t impc^ible 

* Hardware conventional !y means the machin^j and ^ftware their programs. The latter more 
specifically refers to the analysis and planning required to solve a particular problemi including 
the coding or writing down of s^cifle inatructions, Th^ instruct! onj can be given cither in 
machine language directly usable by a particular type of computer or, much more convenient, in 
program language— ALGOLj COBOLj and the like— suited more to the ne^a of the progranunerj 
rather than a particular machine. Program languafe is translated into the language of a 
particular machine by a special compiler programj orsimply cornpiler. 

As noted in the text, the rise o£ more powerful, very complex computer has driven the 
creation of better ways to use them. The r^ult is very elaborate and very expensive programSj 
wh£^ cc^is have risen faster than the costs of the machin^j further twtimony that the costs of 
people tend to rise and that of technology to fall. 

In some ways the distinction between software and hardware is an artificial one. Computing 
plans are now made on the basis of computing arrays, which include the machine themselv^t the 
programs with their cc^ings, and large control programs called operating lysyns. In such a 
eortiputing complex, with its intimate and symbiotic relations between instruction and dttign of 
the total system, it become increasingly difficult to tell, in terms of c^ts or any other category^ 
what is machine and what is program. 
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task to determine whether they are free of pitfalls and will do, in diverse 
circumstances j what they are intended to do. What criteria can be used to 
verify the accuracy of a program? 

Further prpblems arise from the recent development of multiproctesor 
computers. An ordinary computer does one operation at a time; a 
multiproce^r several operations at a time.^^^Sj an ordinary computer is 
iimilar to a manager without workers j who perionns a sequence of tasks one 
at a time. One type of multiproc^orj on the other hand, is similar to a 
single manager who aligns a task to a v\^rker, and while the worker is 
performing thii task the manager is readying the assignment of a second 
task; a second type is similar to several rfianagers all performing different 
tasks simultaneously. Whatever the ty^, progr^nming a multiproc^or 
eflficiently and accurately is not a small undertaking. The complex 
interactions between proc^s^ increase the chance of error; the nondeter- 
ministic sequencing of tasks mak^ it difficult to correct even oteerved erroi^ 
in the program. 

To detemiine if software is correct is an extremely difficult technical 
problem; a great deal of research is required to fully understand it. In the 
interim, should enipha^s be plated on the testing and debuggings rather 
than on the certification^ of software? 

3. It was noted above that software costs are currently outstripping 
hardware costs. At the time when the revere was true, it was economically 
desirable to have a main central processing center performj on a time- . 
shared basis, as many tasks as possible. Computer networking arose as a 
natural development from time sharing= In a computer netwoA each one of 
a set of users has reniote-con trolled access to network machine time, 
algorithms or computing procedures, software^ fite, and so on. (Thesie 
network resources may be located at different points within the network.) 

NoWj single-chip electronic microprocessors with a fair amount of 
proc^ing power are generally available at a.cost"ofde^ than one hundred 
dollars per chip. The economic constrairiti making it desirable to rely on a 137 
single central processing unit no longer obtain. It is now economically 
feasible to distribute '^computers" (microprocessors or minicomputers— the 
latter having a capability between a microprocessor and an or^nary 
computer) at various points in a network; these computers may be designed 
for specific communication purposes or tasks. There are obvious advantages 
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to such a "distributed architecture." For example, in the nondistributed 
case, if the central unit goes down, everything halts; in the distributed case, 
only tasks dependent on the failed processor halt. Failures in a distributed 
system are generally eiisier to locate and repair tbin an a central system; 
computers in a distributed system can serve local, as well as network^ 
purposes. f 
How should a distributed computer network, or, more generally, i 
communication network, be structured and controlled so that it is economic 
and performs reliably with minimal delays under both normal a^nd severe 
conditions? 

4. There are, at the present time, many computer-based communica- 
tion systems. Advances in computer technology and the remarkable drop in 
the cost of hardware make it likely that, before long, many individuals will 
have access to display and cornmunication terminals at work and at home. 
In conjunction with local and remote electronic storage facilities, these 
terminals may enable, for exiimple, the replacement of the regular mail 
system for a substantial population by an electronic mail system (with 
fileable paper copy). 

There are costs and benefits in an electronic mail system, including 
terminal and operator costs, communication facility and usage costs versm 
reducdon 'in the time needed to transmit and receive messages/ and 
displaced costs of regular postage. How the matter of privacy is to be rated 
in a cost-benefit analysis is uncertain. A study of the potential implementa- 
tion of an electronic mail system would have to analyze these costs and 
benefits in detail. 

Other questions would have to be addressed in such a study. Who and 
how large is the potential clientele? What range of services can be offered? 
How does the value of the system change with a change in the services 
ai^ailable? How will the system be affected by changes in technology? What 
is a reasonable schedule for implementation?* 

There are other problems of importance in computer science and ^^^-^ 
technology, some intimately involved with questions of policy. For example: 

'Similar qutetbns were addf^ed in the 1976 NRC report, Eiectromc Message Systems for thi US 
Postal Service; a new study would focus on problems of implementation. 
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What should be the role of the federal government in maintaining a top 
quality computer science and technology base through agency grants and 
contracts? Hdw can the scientific and academic freedom aspects of the . 
publication of algorithmic results be reconciled with possible national 
security implications, such as application to encryption? 

A group of highly qualified individuals is needed that can addr^ and 
articulate the problems related to computer science and technology. To this 
end, the National Research douncil established the Computer Science and 
Technology Board. 

The responsibilities of the board include: 

• A^ying and promoting the health of the discipline, which includes 
algorithms, architecture, artificial intelligence, d^ign^ information science, 
languages, numerical and nonnumerical meth^, programming, systemsj 
and technology as applied to computer, 

• Fostering the interactions of computer science and technology with 
the other fields of pure and applied science and technology, 

• Providing a base of expertise within NRC in computer science and 
technology. 

• Responding to requests addr^ed to nrc from the government and 
nonprofit foundations for advice in the areas of computer science and 
technology. 

• Initiating studies in computer science and technology that further 
the objectives of the first two items above. 

JACOB GOLDHABER 

i Ckjmputer Science and Technology Board, A^mbly of Mathematical 
and Physical Science, Board Chairnian, Victor Vy^tsky of Bell 
L^boratori^; Staff Officer, Jacob K. Goldhaber. 
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SUN, WEATHER, AND CLIMATE 



Change is usually more intriguing than stasis, and in the matter of the 
possible effects of the sun on climate, the interesting question is not the 
effect of the sun on climate^ut the relation of solar changis to climate 
changes. That the sun has an effect on the earth's chmate is a trivial 
assertion, given the role of solar heat and its daily and seasonal variations in 
shaping and driving wind flov^, clouds and rain, ocean currents, and other 
assorted factors that, put together, determine weather and the pattern of 
climate. But whether solar changes are followed by climatic changes is a 
much slipperier issue to which the immediate, scientifically conservative 
answer would seem to be no. There are two reasons for being negative. The 
first is that by direct measurement— whether on the ground or from space, 
for a day or for several years— the amount of sunlight, or radiant energy, 
streaming to the earth seems to stay virtually unchanged. If there are any 
changes in the total solar radiation, they are less than one percent of the 
total amount measured, although larger changes could occur over longer 
periods. 

Given apparehtly invariant sunlight, the suspicion falls on more subtle 
changes in the sun^s output, such as the influence of sunspots. But here the 
objectif:)n is that there is no obvious way by which sunspot patterns can 
affect the earth's climate. However, the lack of an explanation has not 
discouraged an intense interest in sunspot-chmate relations, Sunspots are 
dark spots on the photosphere, or visible surface, of the sun. They are 
sometimes seen singly, and more often in groups or clusters; they are the 
marks of intense magnetic fields that come up to the surface from within the 
sun. Various solar events ^are linked to these strong magnetic fields, the most 
spectacuta of which are solar flares and eruptive prominences— geysers of 
hot solar gas rising at times thousands of miles above the photosphere and 
penetrating through the solar corona, the normally invisible halo of the sun. 

What makes sunspots so intriguing is their manner of cKcurrence, Best 
known is a well-established cycle uf eleven ^ears between maxima or 
minima in their numbers; there is also a twenty-two-year cycle, if one 
includes the fact that magnetic polarities of the sunspot clusters reverse 
every successive eleven years. 

Thesc! cycles do occur. But do tliey affect the earth^s climate, and if so 
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how? There is circumstantial evidence of a correlation, such as an apparent 
correspondence between droughts in the high plains of the wratern United 
States and the twenty-two-year magnetic solar cycle. Recent evidence from 
an extensive study of tree rinp has shown that this correspondence has 
persisted for several hundred years. But there are no detailed explanations 
of how the solar magnetic cycle and climate might be causally related. One 
may speculate that sunspot activity changes the chemical composition of 
the upper stratosphere, which could affect the heating of the lower 
troposphere, where climate is made. Or that charged particles carried away 
from the sun by the solar wind interact with the earth's magnetic field to in 
some Way affect the climate. But these remain guewes. Moreover, any effort 
to establish a causal chain is confronted by a swarm of.bther p^ible 
influences on the climate. These include interactions between oceans and 
ice caps and between oceans and the atmcwphere, as well as changes in the 
particulate, ozone, and carbon dioxide content of the atmosphere. Changes 

' in the earth's orbit as it travels through space also may bring about climate 

changes. 

There is, finally, the possibility that in looking at sunspots one is really 
looking only at Newton's pebble on, the beach, failing to see thr^Sai of 
truth beyond; for sunspots are only the most visible indicators of solar 
activity, and hence may indicate more portentous changes occurring 
beneath the surface of the sun. It may be these latent events, signaled by 
changes in sunspots, that have a modulating effect on the earth's climate. 
Triese subtle and po&sibly slow solar Changes, while perhaps trifling on a 
solar scale, may be momentous on an earthly one, and may constitute the 
trigger mechanism or the force itself that sets off climatic change. But, 
again, that is argument, not proof. 

A student of the subject, John A. Eddy of the National Center for 
Atmospheric Research, has written that, 

The trouble is that weather and climate changes can happen in spite of the sun. 
1 .42 ■ Observable solar changes might have tropospheric effects, but not neceasariiy. The 
earth could enjoy dramatic weather and varied climate, with droughts and heat 
waves and ice ages, even if the sun were locked to a perfect thermostat and didn't 
change us output at all, in photons, particles, or whatever. There are lots of inputs 
to the weather machine, and many of them are intrinsically more variable, more 
immediate in their effects, and more pooHy known than the rather stable sun. 
Moreover, if nature works in her usual way these causes are probably all at work 
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all the time, intertwined and inconsistent in dominance, so that the attempt to 
isolate one of them as a predictor is probabl)* unrealistic J 

One way to piece out causal effects from a mass of confounding 
variables is to step back for a longer lcx)k — to extend the time scale to see if 
suspected causal chains become more visible in longer perspective. For 
example, one might argue that eleven=year cycles, even twenty-two-year 
on^; are simply brief bumps in a more im^rtant pattei^n whose existence 
Only become apparent on^a sufficiently long time scale, ^ 

Enter the Maunder Minimum, Between 1645 and 1715^ the number of 
sunspots reported was unusually low, probably lower than the normal 
minima in the eleven-year cycle; and for some ten-year intervals no 
sunspots at all were reported. The episode is remarkable by itself, and made 
even more so by two coincidences: One, amusing but surely irrelevant, is 
that it blankets almost exactly the reign of the '"Sun King,'" LrOuis XIV 
(1643=1715); and the other is its coincidence with one of the extreme 
excursions of the "Little Ice Age/" a period of severe and very cold weather. 

The time of the prolonged sunspot minimum was also marked by a 
burst of observations with optical telescopes; during that time, both the 
Greenwich and Paris observatories were founded, and Newton devised the 
reflecting telescope. The acute interest in obser\dng the ski^ accounted for 
extensive records of what the sun^ among other bodies, was doing. The 
curious absence of sunspots™ remarked upon by the contemporary 
observers, but not thought unusual — was pointed out in the late nineteenth 
century by a German astronomer, Gustav Sporer, and soon taken up in 
much greater detail by E. W. Maunder, superintendent of the solar 
department at the Greenwich Observatory. Maunder's repoi^ts, between 
1894 and 1922, neither gathered much sup^rt nor a great deal of 
attention; modern reappraisal, however, has verified the apparent reality of 
hisclaims>* 

Moreover, the Maunder Minimum did suggest that the sun was 
capable of odd behavior^ which surpassed, in its duration and in the virtual 145 
absence of sunspots, both the eleven- and twenty-two-year cycles. It 
therefore opened the possibility that there were other solar variations to 
consider in looking for a climate connection. 

That the Maunder Minimum does indeed carry a story has been 
amply verified by tracing the history of the sun back several thousand years. 
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using the related tools of radioactiMp carbon dating and tree-ring 
chronology. Radioactive carbon, ^^C, is formed in the up^r atm^phere by 
cosinic rays. Incorporated into carbon dioxide^ the radioactive carbon 
enters by photosynthesis into plants, including trees. The sun's extended 
magnetic field is one of the modulators of cosmic ray activity, and hence 
radiocarbon production. Therefore, in principle, one can trace the history 
of the sun back several thousand years by measuring the amount of 
radiocarbon, relative to nonradioactive ^Kl, in the wood of datable tree / 
rings. Tree rings that were formed when solar activity was high, i,e., when a 
there were many sunspots, should contain reduced amounts of —C; those 
formed during periods of extended low solar activity, like the Maunder 
Minimum, should show increased radiocarbon: 

When the tree-ring record of the sun's activity is plotted in this fashion, 
one finds pvidence of a series extended of niinima and maxima of solar 
activity like the Maunder Minimum— not a simple alternating seri^, but 
rather cyclic variations of clustered maxima and minima. If th^ are 
plotted, a 2,500-year cycle emergens; the Maunder Minimum is a point on 
the plot; the 11- and 22-year cycles are filtered out in the radiocarbon 
record and the 80-year cycle is scaled into insignificance,^ 

Moreover, there are intrifurng correlations of this long-term record of 
solar activity with climate history (the latter, oddly, more poorly known). 
As John Eddy has pointed out, ' 

[t]he correspondence, feature for feature, is almost the hi of a key in a lock, 
WherevA a dip in solar activity occurs . . , the climate swinp coldward, and 
mid-latitude glaciers advance. When a prolonged maximum of solar activity Is 
indicated . . . glaciers ret re;it and the r a r*h warms. , . . * 

This is again suggestive, and what is 'now needed are improved 
radiocarbon data and detailed and quaMtitative physical explanations of 
how changes in the level of solar activity can affect the earth's climate, A 
possible explanation is that the solar constant, the radiant energy poured 
upon the earth, docs change, but very slowly, perhaps no more than one 145 
percent in one hundred years. Such changes would -be very hard to detect 
by direct measurement in real time. Other n\echknisms of long-term 
connections between the sun and climate are also possible. These and other 
issues are being considered by the Panel on Sun, Weather, and Climate of 
the Geophysics Researt*h Board. 



^AS^EMBLY OF MATHEMATICAL AND PHYSICAL SCIENCES 



REFERENCES 

L Eddy, John A. "A Practical Qu^tion in Astronomy." Book Review. Scimcif 
195(18 February 1977):670. 

2. Eddy, John A, **The Maunder Minimum.'' Scimce, 192(18 June i976)U189- 
1202, 

3. Eddy, John A, "Climate and the Ghanfing Sun," In Climatic Change, Vol, 1^ No. 
lJ977,pp, 173-190. 

4. Ibtd., p, 185, * . 

Panel on Sun, Weather, and Climate, Geophyii^ Study Committeej 
Ueophyii^ R^earch Boardi A^mbly of Mathematical and Phyiical 
Science. Panel Chairman, John A. Eddy sf the National Canter for 
Atmospheric Re^arch; Staff Officer, Donald G, Shaperor 



ThePLD. • 

Empl^inent 
(Jycle— Damping 
the Swings : I 

flARRISOH SHULl/' 



The new Citicorp building in New York City is by all account a 
remarkable building. Its architecture and the faith its builders demon^ 
-«trated in the continuing vitality of New York City have been praised. But 
Vm especially intrigued by a 400-ton block of concrete thaf sits at the top of 
the building and moves counter to the building's movemente in the winds, 
damfHng unpleaisant and possibly d^tructive Mcillations. 

It isn't elegant but it seems to wo^k. Tliere are, of cou^, many other 
examples of sophisticated ways to damp small movements before they 
become large on^. For example, stabilize!^ damp the pitch of a ship in high 
seas. More esoterically, the product of a chain of reactions catalyzed by 
enzymes itself inactivate one of the enzymes. This biocheniical fe^back 
thereby slows or stops the reaction until the product is depleted and more is 
needed. t 

These are example of the use of feedback in controlling d^tructive 
oscillations, reducing them to relatively minor fluctuations, or ideally 
producing a steady optimum supply, I would like to suggest that tht same 
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I fe^hack prifldple, usinp fairly simple tools to mntrpl minor chang^^ 

be applied to another ty^ of ^illation: the supply and demand of highly 
educated i^searchaE^ in science, m^icine^ and engin^ring. 

PSCILLATIONS 

Shortages and exc^^ in the supply and demand for scientist and 
engineer are not infite|uent in the Unit^ Stat^. The mo&t recent 
mimiatch^ which sdll oc^pi^ mucb attendmii is die middra oiom in 
supply of Ph.D.'s relative to demand that app^u^ in some fields in the late 
mxdm. Vp to that time there was an intense demand for Ph.D.'i braitM of 
federal Inv^tmente in basic r^earch, a boom eronomy^ and lajge needs for 
teachers for the burgTOning student populadon. The curve dipped the other 
way just before the end of the decade, as the U.S. ^^nomy went into 
re^^ion and as, for a variety of reasons, fedeml r^drch inv^Mnent, 
discounting^nflation, declined. Suddenly, significant nutnbers of Ph.D.'s 
and similarly highly educated individuals, usu^ly thirty yeaiB or older fay 
the dme they had finished their educadon, were either unemployed or ^ 
underemployed. Now, 1^ than a decade later, I s^ increasing signs that 
the supply of Ph.D/s in the physical sciences may soon dipping below 
demand. 

Exce^ supply of Ph,D/s Vas alto a product of the depr^ion years, and 
many scientists now reaching retirement remember ruefully their own 
difflcult career beginninp. Many were sustained only by special WPA 
projects or by accepting one temporary p^t after another. The excess 
supply at that time suddenly changed to strong demand as the needs for 
scientists mounted feverishly during the war years. Many people do not 
remember that this period of high demand lasted only a few years after thCi^ 
end of the war, terminating in the very late forti^ when jobs were again 
scarce, ' ^ - 

Quite apart from these very general ^cillations in the availability of 
150 positions relative to the supply of Ph=D/s, there are also corr^ponding 
example in specific fields. The changes in federal r^earch investments in 
the late sixties hit the market for high-energy physicists particularly hard. 
There currently seems to be developing a s^ere "^shortage of M,D. 
researchers. Oscillations are particularly apparent in the job market for 
engineers. 
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ENGINEERS 

Tliere ure some important diflTerencas between tFaining engineers and 
traning r^arch scientists and phyiicians. Potential Ph.D/s in the science 
tend to make their go or n^go decisions conceming graduate school, 
subject to field iwitching, in their ^nior year in college. But the deciaionjto 
become an engineer must ft made four to five years earlierj usually no later 
than the senior year in high school. The engineering curriculum is tough 
' mnd^ bequently, aU too nurow. '^Dmm is usually little oppOTtuni^ fix much 
breadth of training and hence for field mobility. The progrwi is long: 
frequently up to five years of a veiy rigid curriculum to get a bachelor's 
degree io engin^ring. The incentive are certainly thfere* Pay is good. The 
opportuniti^ for advancement are excellent. Job satisfaction is usually 
high, and a student is easily convinced that he will contribute to society in 
very practical, highly wible wa)^. 

But these attractions of engineering are also part of its problems. The 
demand by the market for newly minted engineers is strongly influenced by 
the state of the economy. A stagnating economy means fewer engineers are 
hiredj not only because money is tight but becau^ the psycholo^ is not 
right. Industry Incomes conservative and reduce not only its hiring levels, 
but also its plans for expansion and its future hiring goals. 

A sharply rising economy generates a demand for new graduate 
enpneers and expectations of more growth/ The optimism h^omm such 
that industry, fearing that it will not have enough engineer, tends to 
overhire and to stockpile them, That is what happened in the 1950's and 
early i960*s. The aerospace indusyy is the m^t trumpeted example. 

The problem would be maddening enough if th^ demand fluctua- 
tions paralleling economic changes were the only element in the supply and 
demand cycle for engineers. But there is a link between supply and 
demand^ — a link that is five years long. If an oversupply of engineer occurs, 
it is made evident in newspaper stori^ about engineers looking for jobs, in 
advertisements (or their lack) by compani^ that hire engincerSj and in the 151 
publicity generated by university placement offices. That news has a strong 
effect on the decisions of students who are in their junior and senior yeara in 
high schools— a highly impressionable time. But the bad, or goodj news 
about engineering employment prospects has almost no effect upon th^e 
already in the educaticinal pipeline. They've already invited too much 
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: indi^duml eflbii and opportunity rost, let alone ca^, to start ^un. 

The ov^dl ect of a rec^don then ii a drop in fmhman amplhc^te 
m engineering ^hools and a con^etely'^i^qtoble dixip in the dze of the 
paduating cl» four or five years later. By then th4.^nomy has prc^faJy 
i^yerirf itelf . TTiere is now an intenie demwd for enginaeiBs at a dme 
when the supply is unnaturally low* The cycle reveii^: salari^ skyrTCketj, 
c^m^nies advertise almost frantically for engineeii. Tlie good news, gets 
back to the high schools. Freshmen enrollment zoom. Too nuny enginaei^ 
^ pmduate five ymrs later* And suddenly eiq^nters art apun out of work. 

MINOR MISMATCHES ' - / 

Th^ mismatches in supply and demand of doctoral scientists and also of 
engineers have never been of epic poportions. In fact they have in general 
been relatively minor. Th^ Ph.D.-s and M.D/s who spent a year or more 
in pc^tgraduate training, or thOTC engineei^ who did pmduate work and 
were caught in a downturn of demand, will hardly ap^ that their plight 
was a negligible one, and in terra of peraonal anguish and prof^onal loss 
it was not. Indeed ^ many of my own student were affected, so I can cite 
some painful case historic. However, the overall unemployment rates of 
Ph.D/s never went above three percentj which is minor compart with the 
double-digit unemployment rat^ among some other grou^ in our society, 
such as black teenagers. Neverthel^, this unemployment, however mmll, is 
in a group that has perwnally invited heavy opportunity costs with the 
expectation of being able to make valuable intellectual contributions to 
society. They are vocal individuals and are highly skilled in bringing their 
plight to national attention. And properly so, for they, along with thrir 
employed colleague, form one of society's ^ential resource for the future, 
its educated manpower. 

The very modest scale of the Ph.D. unemployment problem mak^ it 
solvable; and the rewards in giving it are great. The tools to smooth the 
52 relatively small discrepancies between Ph,D, supply and demand are pardy 
in hand. Their proper use tak^, as always^ careful planning; mechanisms 
by which policy planners in government can obtain objective, disp^ionate, 
and sound advice; and a willingness by our political leadei^ to support 
fun^H^evels for research training that remain stable over tim^ that are 
long compa^ with the usual political cycles. All this, I must emphasize, is 
not simply an academician's fancy, for the idea is already being t^ted in 
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tht effort tb modulate, ih r^poose to pr^able demand, the future supply of 
raeafehers in the biom^cal and behavibiml science. Moi^ ipedfl^ later* 

QUICK FIXES 

What are not n^ded:afe quick flx^. We nosn^ have enough ^denoe that 

patchwork attempt to deal M^th Ph.D. unemployment will not work and 

ind^ml , will iwiUly make matteri worse. For example, the namxml reaction 

to the obien^doii of a sudden glut of Fh.D.'s w^ to reduoe the funds for 

graduate fellowships and Qaine^hipi (the flrit kind going dir^^tly to 

individuala and the /other first to institutions and through thm to 

individuals). That is jiist the action that was taken in the early 1970's when 

the federal government, and more particylarly the Ofil^ of Ma^graaent 

and Budget, ^^ematically weed^ out alm^t all federal fellowship and 

traine^hip programs, From 1968 to 1975 there was a decrease from 3,846 

to 1,367 in the number of students supported by such awards.* T^e r^ponse 

of the academic r^earchers and departinente was to move support from 

p<^tdoctorals to predoctorali. By their lights, the r^ponse was reaaonable 

and humane, given the circumstance. The postdoctorals were finished with 

their formal education, but there was a moral obli^tion to continue 

support of the graduate students who already had made sizeable 

invetments of time but were not yet at a marketable career itage. The 

r^ult was counter^intuitive: Rather than ex^riencing a r^uction in the 

number of Ph.D/s looking for jobs, the market was suddenly swelled by an 

influx of Ph.D/s caught in a difficult situation. Their ^stdoctoial support 

w^ gone, and they were asked to find jote at a tirnp when demand was 

already low — when the government was cutting reearch funding and a 

rec^ion was coming on; when, in short, all the signs were pointing to not 

hiring. That w^ the flrst'Order effect. The second -order effect was indeed 

the intended one of reducing the nimibef of incoming graduate students. 

But the r^ult is that some five or even more yeara later, or the time it tak^ 

to produce the finished Ph.D, product an imdersupply of Ph,D/s relative to IS.i 

demand is developing. The remedy ; , in 1970 not only did not solve 

the immediate problem, but quite ^v^iibly is creating another one years 

later; rather than damping the supply and demand swings, it exacerbated 

them.^ 

In all fairn^^ the government , bnce made aware of the plight of 
Ph,D/s without pcMtdoctoral supfxjrt, did try to do something. But that also 
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did not %vork as eflectively as it might have. Special postdoctoral program 
were pmposed, but too Imte for that year's cun^nt bud^t and almM too 
late for the Aext one. When^ fun^ ware finally included and appropriated, 
the responsible agencies had to a^i^ staffs, write guideline, iiiiie nodo^ 
that the fellov^ips were available^ and make the selecttoiu. No hui^ went^ 
to p^tdoctorals until at le^t two years after the problem was reccgnized, 
too late to help many of the iutended beneficiari^. 

REMEDIES , 

Tfc^ policy failure were avoidable. Two thingi wre needed* (1) some 
stability in total support funds available to a^nd^ supporting basic 
r^arch, particularly the National Science Foimdation and the National 
In^tut^ of Health; and (2) the ability of th^ agenda to duft funA 
quickly between pre- and pc^tdoctoral support in raponae to a fluctuating 
Job market. Speciflcally, the gaps between supply and demand cpuld, I 



think, have b^n clo^d or coniiderably narrowed if pMdo^oml fundi had 
b^A ino^^s^tluiing the tight job market in the early 1970's (mthcr th^, 
as they werej indiiwtly reduced). supply ^me down towards demandp 
tra^ q{ tUe pc^doctoral funds oould have bmn shifted the other way, into^ 
. the support of predoctoral Gaining. The poitdoctoral term ii a flexible ones 

canbe one, two, or even three profltable y«i^. Thus the postdoctoral 
appointment can be a holding pattern for a one-j two-, or three-year supply 
of Ph.D*'s. (The study prqect article following this one giv^ more details 
OR^the history and nature of postdoctoml ^ucation in the United Stat^.) 

This rubber-h^d concept Qf the postdoctoral ap[»intment can work 
only if the supply of new Ph.D/s is' itself controlled; othcmise graduate 
education become an open-ended proc^ feeding into a liniit^ sufsply of 
poitdoctoral slots. Therefore, in addition to va^ng the number of 
pOitdoctQfals, it's also ^sential to modulate by number and intended field 
of study each new cla^ of incoming graduate students. With this scheme, 
the postdoctoral appointment can be u^d to r^pond to immediate 
problems related to relatively small chMg^ in the job market^ while 
changes in incentives for entering graduate study in different fields can 
affect the numbers of graduate students and thus deal vdth future and 
larger potential misniatch^ in supply and demand. 

To put that into specific, there are now fewer Ph.D/s being produced 
in the physical science, and supply^ may soon be lagging demand. The 
r^ponse should be to reduce funds for postdoctoral support gradually, 
applying them instead to graduate student support. The expected r^ults 
would be shorter pc^tdoctoral terms and fewer postd^toralsj and therefore 
a gradual increase in the supply of Ph.D/s entering a somewhat more 
receptive job market. There should "also be a mod«t increase in the number 
of incoming graduate students, since more support money would be 
available. As projected supply begins to come up to demand, the proc^ is 
reversed: Graduate support is lowered in various fluids, depending on where 
the exc^ is likely to appear, and the money is shifted to postdoctoral 
training. The size of the incoming graduate cla^ in thc»e fields in danger of 
exc^ is reduced, but the p^tdoctoral prol is enlarged, enabling more 
Ph.D.'s to enter this holding pattern until the job market improve. 

The guiding principle is gradual, fairly smooth, even predictable 
change. The change in 1970 were none of th^. The r^lt was chaos, an 
irretrievable 1ms of years of productive ^ience by talented individuals, and. 



COIIMISSION ON ril^MAN RESOURCES 



for a time, a tumitig away by ^me of our ituden^ from potentially 
productive rararch carttrs. ' ^ ' 

All (his 1m^ alMimber dHqu^ons te^ng. Is therej for exMipks a 
it^ctuf^ in plaee ywithih which to shift pra« and ^^dwtor^ hm^ 
depending on a^pply and deniand? The answer is y^ and no: Such a 
structure does exiit for the/baiiq. biom^cal and b€^\ioiml r^^reh 
Jdenc^p but do^ not for th^phj^cal andmathematinl science, dnce the 
National Scien^ Foundation his lai^ely dismantle its specif fellowship 
and p^doctoml prpgrams. TTiere are other qu^tions. How do^ one dedde 
what flelds do or will have an/acc^ supply of Hi,DJs^that, fo^ instance, 
there wll be too many atomic ph)micittS5-'but not enough solid-state on^? 
What are the clu^ to the current and future conditioi^*of the job market, 
in ^^demia and in industry? latter qu^tiona hinge on the issue of 

whether it is actually pc^ible to project, by number and by fleldt and 
subfields, the country's needs for r^earchers thre^ to five years henrt. PU 
try to respond in two^SLyn: by some general observations on the natiire of 
pre- and postgraduate training and by ' a specific illustra^on already 
alluded to^the work of the commi^ion's Committee on a Study of 
National Needs for Biomedical and Behavioral R^arch Personnel. 

FLEXIBILITIES 

There are some misconceptions atout graduate and p^tgraduate educa- 
tioRj perhaps left over from the 1950"s when univemty education came to 
be regarded by many as job training rather than as a way of teaching young 
people how to think. Graduate education do^ not mean training a student 
to be an organic chemist or a viral geneticist. It isn't that nairow. For 
example^ I had concentrated on organic chemistry as an undergraduate 
and originally had some expectation of continuing in that area* But I 
happened to pick one of the few graduate schools in the county that at that 
time did not have an extensive program in organic chemistry. Its strength 
was in physical chemistry, SOj I switch^ goals, w^ educated as an 
experimental physical chemistj and eventually ended up as a theoretical 
quantum chemist. Graduate training is highly flexible (in spite of the 
contrary opinion of some employers and even of some Ph.D.*s), Its role is to 
teach those students who have the potential how to solve problems. The 
particular field is simply a useful casd study for that proc^. Graduate 
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^ucation teach^ itudenti how to formulate a problem, how to attadc it, 
how to get the right materials and ^uipment together, and how to ask 
r^mnable qu^tions can anawsr^ %vithin a reasonable time. 

Onoe a student has cultivate and'demons^t^ thosa sldlli, it's really 
a smaU matter to apply them to another related field; it do^'t' ti^ very 
long to l^m the jargon aiid method of ^ new field. Actually, one of die 
^plicit puipos^ of the postdoctoral appomtinent, one of its historic 
reasou for being, m to enable student to shift fields if they wish or need to. 

Irideed, fidd switching is almM a dimie in higher ^upidon^ 
occurring in undergraduate ichool, during the tnui^tion horn undei^ad" 
uate to graduate school, and, as not^^ from graduate to poitdpctoiml 
training. A Cmiu^ of Doctmatss, a study ji^ rampleted for the Gommi^on ' 
on Human R^ouro^, points out that "a student tends to socialize more as< 
he advance but, perhaps im^re often than have suppose, he also 
swijch^ from one major field to 'another. This mayf reprint a Rowing , 
awaren^ of one's deeper intereste, a better knowlecj^e of what is actually 
involve in the work of a given field, a toting of abilid^, or the dkcoyery 
that one do^ not have the talents for outstanding work in the field of first 
choice, but can compete very effectiveiy in a different field." ^ 

Peer influence is of cnonnous Jm^rtance in cueing field switcWng. 
Graduate students are heavily inflaenced in their deciiions by their own 
observations of what their peeis just ahead of them in school do— whether 
they take postdoctoral appointments and in^hich fleldsj what kind of jota 
they get, what they're being paid, and so forth, yhus, one of the factors 
influencing a graduate student doing a dissertatibn on viral genetics to 
spend a p^tdoctoral term learning immunology is the ^nse of excitement 
in the latter field derived from the graduate students he r^pects most. 
Th^ peer otecrvations are palpable surrogate of larger, le^ obvious 
elements in the world of a graduate student tha^^e actually the key to the 
decisions that lead to productive employment and job security. I refer to 
elements such as the state of the academic and industrial job market, the 
overall slope and direction of federal r^arch inv^tments in different 
fields, and new advances that are ripe for exploitation. 

The point is that decisions made at the graduate and even 
pi^tgraduate level are not irreversible, that students are able to shift 
directions fairly quickly, and that there are a congeries of influence that 
decide career choice. Certainly, one of those influences is the amount of 
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f€ll0wihip and tr^ning syp^rt available, ift^Mtomls can take Ae hint if 
post^^FaL support increaw for phyriolc^rai p^^olc^ but drops for 
development psychology; and the bright undei^mduat^ will know \^iat 
to do if fello%^hipi are irarce for graduate work in cellula^Udl^y but are 
adverd^d as plentiful for inununology. 



PREDICTING 

This flexibUity in pareer choi^ diminiih^ greatly the n^d for highly 
specific capability in predicting supply and demand field by field. This is 
fortunate, for that capability is excedingly difflcult. Ilie problem of 
predicting f^^^ ^pply is a much easier one, since the demogmphio of the 
^ educational pipeline are well undentood. Indeed^ the mxplus ^pply of 
Ph.O/s in^ the late sixti^ was predict^ well in ^vance^ although the 
precise timing of the appearand of that surplus was hea^ly affected by the 
simultantous occi^ence of an genomic recession and a significaiit cutback 
in federal funding. The problem w^ that few were listening — ^neitKer the 
academic community caught up in what was in retr^pect a fake euphoria 
at the munificence of federal r^earch fundings nor the f^eral administra- 
tion caught up in its Great Socie^^prc^ains and the beginnings of the 
Vietnam War. There was also no stmcture in place to receive, aas^, and 
broadcast the warnings of Allan Qartter and a few otheis— no peer group of 
distinguished researchers to which the Congre^ and the adminis^tion 
would have to listen. 

In addition to thh capability of predicting future supply, one needs the 
ability to make some reasonable projections of demand. These are difflcult, 
but not impo^ible. One can project, for example, trends in federal funding 
for research support by analyzing what the admini^ration is asking for, 
what the congre^ional r^ponse is,- the give and take going on between 
program agencies and the Office of Management and Budget, and so forth. 
Further, change in the slope of r^arch funding are not as sudden as 
usually pictured. The direction of th^ chang<K tends to continue acr^ the 
terms of pr^idential administrations. The downward turn, in constant 
dollarSj'for basic research funding in the science, tegan in the Johnson 
administration and was continued by Nixon; the upward turn started 
during Pr^ident Ford's tenure and has been affirmed in the 1979 Carter 
budget. One can also make use of econometric models to make some helpful 
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foreciste of the eronomy, and therefore the state of the job market, aome 
two to four yean ahead; the tenets of econometric modeling may be a bit 
shaky, btit the numbers are at least b^ed more on carefyl thinking than on 
fhopeg- ^ 

PERSONNEL NEEDS 

A cynic might Justifiably label all this as a flim^ baae for making 
judpnents affwung the liv^ of Bome of our b^t itudenu— melioriitic 
fantasy: What really is n^al is a tm> Is it rrally po^ible deliterately to 
even out minor imbalance between supply and demand of rttearch 
manpower? Fortunately, exactly such a tmt is now under way in the work of 
the ConMnittee on a Study of National Needs for Biom«lical and 
^ Behavioral Reiearch PersonneL^ 

\Ab its title suggestej the committee's job is to addr^ exacdy the 
difficulty Tvc d^ribed. Within the context of a generally slowing rate of 
increase of federal investments in r^earch in the biomedical and behavioral 
science, the committee has the task of determining the amount and kind of 
research training needed to support future national needs, Moreover, that 
determination must include specific numbers, overall and for broad field 
categories, within the biomedical and behavioral science,* (This study was 
first mandated by the National R^arch Act'of 1974 and extended by the 
Health R^arch and Health Service Amendments of 1976.) 

The committee began work in 1975. Its first report, i^ued the same 
year, was understandably conservative, given both little time and 
inadequate data. The report simply recommended that predoctoral and 
postdoctoral support funds be maintained at existing levels. The 1976 
report was more specific. For example j the committee recommended an 
inversion of the ratio of pre- to pwtdoctoral fellov^ and trainee in the 
behavioral sciences. From an existing ratio of ninety to ten percent 
predoctorals to postdoctorals, it urged a gradual shift to a ratio of thirty to 
seventy. This should have the effect of reducing the number of new 
graduate students in a field in which the academic job market is declining, 

•One should note that in addition to th^ science, the committ^'s purview alw include the 
clinical sciences, he-alth service r^earch, and nursing r^carch, the last added by the Health 
Research and Health Service Arncndfnents of 1976. 
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whUa giving more socialized eduction and involvraient in productive 
i^MTch to the itudente. Hie 1977 report reiAnn^ this opinioni' 
stating tiiat "the a^demic sector cannot continue to absorb newPh.D,^s [in 
the behavioiml §denc^] the same rate as in the past given culrent rat^ of 
production and employment conditions.'-^ The 1977 report ih^paned 
ttnsid^ably s^^e of the earlier recommendations as to the overall and 
relative Iwels of suppoit for pre- and pMdoctoral ra^ich tuning. ThuSi 
in additim to rwommending that the -^numl^ of Nra/ADAMH^ifliA* 
awards in the b^c biom^ical science should be redu^d [from 5,400 in 
1976] to 4J5O FY 1979,'*^ the committee also rerammended nwre 
, pr^dctorali in several sf^ciflc basic biomedical flel^ becaiM of new 
demands. It suggested^ for example, a future need for more biomathemati- 
cians and bi^tatiidciani as well as epidemiologist. Th^^ numerical 
recommendations were ^companied by a d^mption of the mm^ket 
oudook. The committee has not overlook^ the signiflcance of the 
information feedback loop. It sought by ite reports, by public hearinp) 
and by talks at profe^ional meetings to bring its findinp to the attention of ^ 
the relevant scientific public. 

It is too early to tell if this proce^ woriu and how well. We really won't 
know until the early 1980'ij when the flm cl^ of ^^duate students 
affected fay the committee's recommendations rcach^ the job market. The 
^^ntial point is that one plausible mKhanism is alive and well for 
equating supply with probable future demand. Under coi^rraional 
mandate and with the support of the executive branchj distinguished 
scientists, under the aegis of the National R^earch Council, are pacing 
judgments on the future directions and needs in their own fields/And, in 
these recommendations j the conunittee ii not dmply^ m a cynic might 
suspcctj asking for increase in support, but is, and often to the anguish of ite 
members, recommending reductions in many areas of biomedical and 
behavioral science rttcarch training. 

It is true that the biomedical and behavioral science are an ideal 
160 testing ground, in the sense that there is an extensive pattern of student 

support that can be modulated and also that the p^tdoctoral appointment 
is well usedj particularly in the biomedical science* As I mentioned earlier. 



*NIH - National Institute of Health; adamHa ^ Mmhol, Dnig. Abi^} and Mental Health 
Adnunlstrmtion; HRA ^ Heaith R^ourcei Adniinistration. 
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there is no current parallel support structure for the physical science, and 
for the moment the only way to modulate supply in that area is by applying 
^ pr^iure through r^carch grants. But that is not a happy venue, It is 
indire^ unpf^ictable» and_ risky in its p^ible er^ive effi^ts on r^arch, 

REVOLUTION 

Perspective are neededr ^e ii that the propyl to control the|upply of 
r^earch manpower^ and indeed the work of the committeej is revolution- 
ary, a sharp deviation from the usual way of doing thinp. Rather than 
conflning funds solely to the nourishment of the r^arch enterprise, the 
new tactic is alsojto use funding for controlling the rate and direction of 
growthj for cutting back overgrowthj and encouraging new shqote in fertile 
ground, The use of support funds as a lever to control supply means 
applying limited central controls to a normally decentralizedj highly 
pluralistic^ even mesy process. The United Stat« higher educational 
system is made up of thousands of individual institutions^ private and 
public, led (usually) by very strong-willed people and staffed by individuals 
of high intellect. This system must not only respond to the individual 
decisions of millions of students, but also to the dee^r, more hidden 
currents of demographic change, economic growth or its lack, and changing 
fed^r^ programs and emphases. 

With this sort of institutional swamp, do^ my prop^al have a chance? 
To repeat, the first indications will come through the work of the 
Committee on a Study of National Needs for Biomedical and Behavioral 
Research Personnel. However, the committee is advising on the use of only 
about fifteen percent of the total funds available in th^ fields for graduate 
and postgraduate trainingJ Will the fate of that fifteen percent affect 
what's done with the remainder? I think so. There will probably be a 
delayed effect: One to two years may pass before changes in federal support 
for students are paralleled by changes in the other eighty-five percent. The 
federal leverage is a powerful one. Research support usually goes not only 
to the very best students, but the decisions made on the distribution of funds 
for student support will inevitably infiltrate decisions made on rttearch 
grants. 

I should return to the special problems of engineering. There the 
decision to enter the field, as I remarked before, occurs earlier in a student's 
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career (usually in high school), and is influenced not so much by the 
immediate availability of scholarship hinds as by the perception through 
the med^ that engineers are in demand and t^at the expected ultimate 
stipends are high. This mak^ it difficult to devis|j effective means of 
modtilating the number of students entering engineering sch<^ls, 

It is perhaps even more im^rtant ir^ this case to use several po^ible 
mechanisms to modulate the output supply. For example, through 
fellowship funds, graduate schools can perhaps aterb exc^%supply in 
times of low demand, much like the recommended holding pattern concept 
for postdoctorals when the supply of Ph.D.'s is in exc^. Innovative 
alternative holding patterns in industry would also seem^ to be a p^ibility. 
And of couree at all levels (and for the Ph.D. programs equally 
importantly) there is a need for new mechanisms for cbun^ling and 
information flow on career choice that do not have the alUor-none 
chamcteristics of our current ma^ media information flows. 
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CONCLUSION 

The suggestions I have made for deah:ng with the oscillatiohs in the supply 
and demand for research manpower are already being carried out, slowly 
and in part. The scheme, as I noted, is operFrmg jn the case of research 
training for the biomedical fnd behavioral sciences. It remains to be seen 
just how effective these techniques are. I am hopeful that only relatively 
minor modifications will be needed to ensure its continued effectiveness. 
The engineering problem is more difficult— its solution less obvious. But I 
think there too, given sufficient time and concern, eveniually some of the 
losses and pain, both to society and to individuals, can beTelieved. 

Whether or not the ultimate solution lies in the thoughtful use and 
distribution of fellowship and traineeship support, we have an obligation to 
discover and to understand the factors that induce these supply and 
demand oscillatpns so that they can finally be brought under control in the 
interests of both the individual and of society as a whole. 
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POSTDOCTORAL RESEARCH 



In its purejst form, the postdoctoral appointment offers an opportunity for 
one to two years of research unfettered by the usual academic duties of 
tcachuig, supervising students, obtaining research funds, A postdoctoral 
appointment is typically taken immediately upon receiving the doctorate or 
rnedical degree; however, established researches may also take postdoctor- 
al appointments, often as a step to moving into a new research area. 

Postdoctoral tours have traditionally been regarded as the conduit to 
academic appointments, particularly to eventually obtaining tenured 
positions. But that purpose was formed at a time when the American 
urfiversities and colleges were growing and when foundation support, and 
then federal investment in research, also grew appreciably. Conditions have 
now changed: 'I'hc undergraduate population, in the wake of the -'baby 
boom'' population, has been declining; there is greater competition for a 
relatively smaller *'pot" of research funds; and tenured positions, or any 
faculty positions for that matter, are increasingly difficult to obtain, 

I hese changes underlie the suspicion that the postdoctoral appoint- 
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ment is no longer regarded, either by its occupants or by established 
researchers, as a necessary way station to academic jobs, but more as a 
temporary haven in an insecure job market and as a device for changing 
one's research orientation to more employable fields. 

Some of the problems and suspicions were listed recently by a student 
of the postdoctoral institution, Professor Lee Grodzins of the EDepartment of 
Physics at the Massachusetts Institute of Technology: 

The experience of the pastd^toral has been an unspoken requirement for those 
aspiring to a research position in academia; it has served vital functions for both 
giver and taker; it has been genuinely valuable to a scientist's career even when 
academia was not the end result. As academic opfx^rt unities diminish, however, the 
postdoctoral is seen b\ rmny to be unnecessary (even a liability) to available 
careefs. There is anecdf ral evidence that the postdoctoral is being Jncreasingiy 
used to switch to fields of greater employment potential or as a haven till an 
acceptable position becomes available. At the same time, the commitments to 
research productivity arc forcing some mentors to use p^tdoctorals as regular 
(lower paid) research staff members. The pressures against the pc^tdoctoral 
institution will almost surely increase as academia confronts the demographic 
problems of the 1980's. h appears inevitable that the postdoctoral insdtution must 
modify to accommc>date new realities.^ 

I'hese ''new realities'' and the accommodation of the postdoctoral 
institution to them form the substance of a study by a committee of the NRC 
Commission on Human Re.sources, chaired by Dr. Grodzins and supported 
by the National Science Foundation. The committee will explore a vanety 
of issues linked to the central one of a change in the motivation for and 
premises of postdoctoral study. I he^c include: 

^^'he role of the postdoctoral in the nation's basic research efToFts, 
articularly in university research; 

* The career patterns of diose who have held or are holding 
postdoctoral ap point me n ts ; 

* The extent to which the poHldocioral appointment remains an 
unwritten but universally accepted requirement for appointment to the 
faculties of research uiuvt-rsitics; 

* rhe crtects on research costs if able Ph. D.'s— those who normally 
would have sought and obtained postdoctoral appointments— bypass 
appointments and go directly to positions in industry and government 
offering greater s<H'urUy. 
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As perspective on the recent changes and consequent concerns, a brief 
review of the nature and history of the postdoctoral institution may be 
helpful. The institution is sometimes described as "The Invisible Universi- 
ty," because there are typically no formal procedures, at the administrative 
level, for the hiring and maintenance of postdoctoral students. A freshly 
minted Ph.D. or M.D., wanting advanced research training, may seek a 
postdoctoral appointment with a particular senior scholar and be paid out 
of the latter's research grant. Or the appointee may be paid from a training 
grant awarded to a university department or division. The procedure for 
selecting postdoctoral students tend to ^ informal and ad hoc, with data 
correspondingly sparse and analysis difficult. Moreover^ pastdoctoral 
appointees are not always recognizable by their Utles; they may be adjunct 
professors, visiting professors, research associate, and the like, A 1976 naS 
^report, 7he Immibie Umversily, portrayed the status of postdoctoral students 
this way: 

Neither student nor faculty, the postdoctoral appointee have been virtually 
invisible to anyone outside their departments. Their major impact on the campus 
at large is the space they require. ... For the m^t part, pc^tdoctorals come to 
the university provided with their own support, seeking the use of certain faciliti^, 
or they come m employees under a faculty research grant. . . , Unlike 
undergraduate or graduate education, postdoctoral education is, with few 
exceptionSj not consciously or intentionally undertaken by the university.^ 

If the postdoctoral is an anomalous figure within the usual university 
organization, his reasons for being there are (or were) usually quite clear. 
The heart of the postdoctoral was its promise of a research position with a 
distinguished faculty, its lure the opportunity to do unencumbered research 
with a senior scholar, and its sustenance flowing from the postdoctoral 
atmosphere— ^fundamental research challenges, often in an area removed 
from the student's doctoral research, new techniques to be mastered, and % 
S'^' the discipline and exhilarating influence of highly productive reseapeh^ 

groups. An illuminadng example is that of the late Jacques Monod, \^ho, 
after earning his doctorate, was awarded a fellowship to work in \he 
laboratory of geneticist Thomas Hunt Morgan at the California Institute of 
Technology. I he experience, Monod wrote, ''was [a] reveladon to me— a 
re\'elation of what a group of scientists could be like when engaged^ in 
creative activity, and sharing in constant exchange of ideas, bold 
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Speculation, and strong criticism. . , , "3 Jam^ Dewey Watson certainly 
benefitted by the freedom inherent in a postdoctoral fellowship, using it not 
only to work in England, bijt also to turn his interest from genetics t€ 
molecular structure and thus decipher, with Francis Crick, the structure of 
DNA. Another example is that of Linus Pauling in 1925 applying to the 
Guggenheim Foundation for a postdoctoraj fellowship to study the 
po^ibihties of a new system of -'mathematical chemistry/' based on 
quantum^ mechanics, to explain how the position of electrons in an atom 
'*qualifies the atom to form molecules and to enter into chemi^l 
compounds."* "^^^^ 

Pauhng's application to a private foundation for postdoctoral support 
was hardly unusual, since, until the late thirties, the federal government 
had virtually no. role in fellowship programs, leaving the field by default to 
foundations such as Guggenheim and Rockefeller. The entry of the private 
foundations into fellowship programs seems to have teen a matter of 
circumstances, needs, and the leadership of a small but forceful ^roup 
foundation officials, 

""^gf The need to provide further r^earch training opportuniti^ for 
graduate was articulated by the presidents of The Johns Hopkins 
University and the University of Chicago at the end of the nineteenth 
century/^ This was a time of debate on whether universiti^ should 
emphasize research or teaching loads in judging faculty; perhaps more 
significantly, it coincided with an enormous increase in the graduate 
student population, from 400 in 1877 to 4,392 in 1896=97 Formal 
examinations of the problems in preparing students for research careers 
soon appeared. In 1913, for example, the Committee of One Hundred of 
the American Association for the Advancement of Science asserted that 
. , . in order to encourage the original minds in America, there should 
be more research professorships and research assistantships of high grade, 
which would raise their holders above the worry and inefficiency caused by 
financial need.'' Similarly, the epochal Flexner Report on the quality of 
medical education in the United States reported that there were few 
opportunities for advanced meudical training in the United States, with the 
result that most M.D/s wishing to do clinical research were forced to go to 
Europe for advanced research training. 

Several of the private foundations were drawn in by these forces, with 
the Rockefeller Foundation playing a strong and pioneering role. 
Rockefeller's entry into the support of fejUowship programs, including 
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postdoctorals, was led by VVickliffe Rose, a former professor of philosophy 
and histpry, who joined the Rcx:kefeller Foundation early this century and 
rose rapidly as his skills as an administrator were recognized. Rose, 
according to the science historian Stanley Coben, ''decided that the most 
rapid way to develop any. field of knowledge was to strengthen and enlarge 
the foremost centres in the field, and then to arrange for trained persons 
and the most advanced ideas to radiate from these. "'^ 

The chief mechanism for providing the trained persons" were the 
National Research Council fellowships established in 1919, going first to 
i students in physics and chemistry and subsequently broadened to include 
the medical and biological sciences. The impact of the Rockefeller 
Foundation, as expressed through the nrc fellowships, was considerable, 
with, for example, almost a quarter of all new Ph.D's receiving fellowships v 
in 1924. As noted in 7^he Invisihle University, ''until the advent of large-scale 
federal programs for postdoctoral education m the 195()'s^ the Rockefeller 
Foundation, through the National Research Council, provided the single 
most effective means for the development of young American scientists as 
creative investigators/''^ Of the 1,359 fellows between 1919 and 1950, a 
majority became professors, 65 were elected to the National ^Academy of 
Sciences, and several won Nobel prizes. 

The Laura Speiman Rockefeller Memorial Fund^ before its merger 
with the Rockefeller Foundaiion in 1928, provided the gifts that enabled 
the Social Science Research Council and the American Council of Learned 
Societies to support scholars in the social sciences and humanities. The John 
Simon Guggenheim Foundation entered the field in 1925, and— although 
most noted for the support of study and re^search in the humanities, arts, 
and social sciences— a significant portion of the Guggeriheim grants went 
for study in the physical and biological sciences/ 

The involvement of the federal government in postdcxtoral support 
began, somewhat in a earners- nose- under- the- tent fashion, in 1937, with 
the passage of a bill establishing a National Cancer Institute within the U.S. 
Public Health Service, l^he legislation authorized the Surgeon General to ^ ^''^ 

provide facilities and funds for trainWig promising researchers. (Trainees 
were to be paid up to SIO each day/ and the new institute itself had a 
budget of 5700,000; these sums have grown/) 

During and immediately after .World War II, the nation's medical 
research effcirt was enlarged and shape:d, with the National Cancer 
Institute now joined by other institutes and all administratively linked as 
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the National Institutes of Health (NlH). Throughout this evolution, the 
principle of sup^rt for promising researchers, including postdoctoral 
suppjrt, was both affirmed and strengthened. As noted in 7^^ Invisible 
University, "appropriations for fellowships of all kinds, predoctoral and 
postdoctoral, jumped from 845,000 in the fiscal year 1946 to $L4 millioA in 
fiscal 1950, Appropriations for training programs during the same period 
increased from 825,000 to 86,4 million,"^ The National Science Foundation 
(NSF), a postwar creation^ also entered the postd^toral scene, but on a 
smaller level; for example, in I960, NIH supported 822 postdoctoral fellows 
and NSF only 180. 

With its growth, the postdoctoral appointment became not only a rich 
seed bed for new research advances, providing a fertile setting for 
investigators in the prime of creativity, but also the arena forjudging the 
abilities of the next generation of university and college facultieSj 
particularly their abilities to produce research of the hlgh^t quality. Now 
the belief is that ffor a variety of reasons those virtues of a postdoctoral 
appointment may ac eroding. The study by the Commission on Human 
Resources is intended to assess changes in the historical premises of the 
postdoctoral and to evaluate the likely consequences, 
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Flviiiu; Beans, 
Botaiiical Whales^ 
Jack's Beanstalk, 
and Other Marvels 

ROGER REVELLE 



Agriculture is mankind's basic industry. Where it has been suec^ful over 
the past several millennia, civilizations flourished and populations grew, 
many other kinds of industries developed ^ and men freed from drudgery 
were able to practice such liberal and useful arts as scientific research and 
wide-ranging technical invention. 1 hese activities in turn were reflected in 
agriculture, which became an ever more scientific and productive 
enterprise. Where the natural environment made it difficult to practice 
productive agri culture, human populations were sparse,, the arts of 
civilization lagged, and the people were backward and poon 

Agriculture is easiest in the temperate and subtropical sem^urnid 
climatic zones, where seasons of adequate rainfall alternate with dry 
seasons, and the soils are deep and rich. Starting with a few wild grasses, 
tubers, beans, and fruits, the farmers of these zones have produced, by an 
essentially evolutionary process of selection that fascinated Charles Darwin, 173 
a diversity of crop plants for many different human purposes and 
particularly suited to many microenvironments. Some of these crop secies. 
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^ such as maize, exhibit as much variety as the domestic dog, and like it are 

incapable of living without human teings. 

Of the hundreds of thousands of plant species^ only ab©ut a hundred 
have been domesticatedj in the sense that they have undergone genetic 
changes to make them more useful for man. An even smaller nuniber of 
species, soifte thirty^in all, provide eighty-five percent of the weight of food 
eaten by human beings and ninety-five percent of calories and protein. 
Three -fourths of all human food energy and protein consumption comes 
from eight species of cereals™vv^heat, rice, maize, barley, oatSj sorghum, 
millet, and rye. Three of these— wheat, rice, and maize— make up three- 
quarters of the total weight and calorie and protein content of cereals. All 
thirty species have been brought by scientific research and practical 
experimentation to an astonishingly high level of productivityj ten or 
twenty times the productivity of a few centuries ago. 

The humid tropics, where rain falls throughout the year, the arid 
and semifirid lands where r^iinfall is highly erratiCj are toth areas where 
man historically found it very dlfflcult to develop a productive agriculture'. 
Long and unpredictable drougiits were the curse of the dry lands. Highly 
leached, acid soils, which could retain little water or nutrients, forced the 
peoples of the humid tropics to leave most of their land fallow for intervals 
^ of many years, until trees and other wild vegetation had captured a meager 

supply of plant nutrients that could be released by clearing the jungle and 
burning the debris. It is estimated that some 250 million people still 
practice this "slash and burn" agriculture, 

NEGLECTED BIT USEFUL 

The hurnid tropics contain about 500 million hectares of land that could be 
cultivated. Provided environmental di faculties Cixn be overcome, three 
crops could be grown each year on this land, giving a gross cropped area of 
1,500 million hectares — considerably more than the total area now 
174 cultivated on earth. Alternatively, and this is more likely, trees and treelike 

plants that can live on their own debris, even in a sterile soil, could be 
developed to produce useful crops. During the coloniali.st period, much 
scientific and technical efibrt was devoted to developing such tree crops as 
oil palm, cocoa, bajianas, and rubber, whose products were desired by the 
people of the rich countries but yielded little that the local people could eat 
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Or use. The end of colonialism and the rise of many new nations in the 
tropical zone, with populations growing at an unprecedented rate, have 
brought a new need for agricultural plants that can provide food and other 
necessities for the people of these countries. 

In recognition of this need^ the National Academy of Sciences^ under 
the inspiration of Noel Vietmeyer, a staflT member of the Office of the 
Foreign Secretary^ convened an ad hoc panel in 1974 to identify neglected 
but possibly useful tropical plants, both wild and domesticatedj that might 
be widely introduced throughout the tropics. I he panel was co-chaired by 
Edward S. Ayensu and Richard E. Schultes. Out of 400 promising plants 
nominated by scientists around the worlds 36 were selected for more 
detailed examination. The properties of these plants are summarized in 
Table 1. 

TROPICS 

To meet basic ' human needs in the humid tropics, several kinds of 
agricultural development are essential. The supply of carbohydrates, 
protein, vitamins^ and mineral nutrients must 1^ increased, and a greater 
variety of foods should be produced to provide a more diversified diet. New 
export crops need to be developed to raise rural incomes. With growing 
populations it is essential to shorten the cycle of slash and burn agriculture, 
that is, to reduce and, if possible^ to eliminate the need to leave most of the 
fand fallow for long periods to replenish nitrogen and other. nutrients. This 
can be partially accomplished by introducing leguminous plants that, 
because of their fruitful symbiosis with certain species of bacteria, are able 
to extract and chemically "^fix" nitrogen from the air. Crops that yield an 
abundant harvest in as short a time as possible after they are planted are 
highly desirable. It should be possible to store or othcnvise preserve the 
edible products for extended periods. Indigenous fibers are required as well 
as food^ and the supply of nutritious feed for livestock and poultry should be 
greatly increased. 

I he plants listed in Part A of liable 1 have been selected with one or 
more of these qualities in mind. Cocoyarn, peach palm, taro, and dasheen 
are known to yield large quantities of carbohydrates per hectare. The edible 
products from peach palm {Guilietmn gasipaes) and cocoyam (Xanthosorjia 
spp.) have an adequate quantity of protein relative to carbohydrate. 

i 
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TABLE I Little Used but Potentially Useful Plants 



Common 
Name 



Scientific Name 



Present Yield 

Useful PotentiaJ Present Growing State of Per Hectare Time to I-'irst 

Portion Use Areas Cultivation Per Year Harvest 



A. Humid Tropics 

Cocoyam Xanthosoma mgittifoHum tuber 



Peach 
pahTT or 
pejibaye 

Taro and 
dasheen 

Buriti 



Babassu 
palm 

Pequi 
tree 

Seje 

palm 
Winged 
' bean 

Durian 
tree 



Guilielma gasipaes 



Coiocasis esculenta 



MauHtia flexuom 



Orbignya martiana 



Caryocar hrasiliensis 



Jessenm polycarpa 

PsnphoCQrpus f€ trago - 
nolo bus 



Durjo zibethinus 



MangO^<€en (Jarcifiig mangO^'t(ina 
^fimmelo Citrus Mf^andis 



fruit and 

stem 

tuber 

fruit 

kernyi, 

sliontSi 

trunk and 

leaves 
fruit and 

kernel 
fruit and 

kernel 

fruit 

pod Si beuns, 

tubers, 

foliage 
fruit 



truit 
fruit 



tree 



carbohydrate, 
protein 

earbohydratCi 
oil, protein, 
"heart of palm" 

carbohydrate' 

oil, starch, 
vitamins A and 
C, timber, cork* 
fiber, "heart of 
palm" 

oil, protein, 
fuel 

oil, fuel 



oil resembling 

olive oil 
protein, oil, 

carbohydrate, 

livestock feed 
car^hydrate, 

fat, vitamins, 

Havor 
highly prized 

flavor 
large citrus 

fruit 



Tropical AmericaSi 

West Africa 
Central and Northern 

South America 

Egypt, Philippines, 
Hawaii, Caribbean 

Amazon Basin, 
Venezuela, 
Guianas 



Amazon Basin 

Amazon Basin, 
Central Brazil, 
Guianas 

Amazon Basin 

Papua New Guinea, 
Southeast Asia, 
Sri Lanka 

Southeast Asia 



domesticated 30^0 tons 

wet weight 
domesticated 3 tons 



3-10 months 
6=8 y ears 



Southeast Asia 
Southeast Asia 
7 



domesticated 22=30 tons 6=1 B months 

wet weight 
mostly wild ? ? 



mostly wild ' 1.5 tons 
mostly wild ? 



wild 22 kg/tree 

per year 

domesticated 2,5 tons of 
dry beans 

haphazardly ? 
cultivated 

domesticated 50 kg/ tree 
per year 

domesticated ? 



In=l5 years 
9 years 

9 

i (J weeks 

7 years 

1 5 years 
several years 



/ 
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Soursop 
tree 



UvUla 

tree 
Chaya 

bush 
Ramie 

herb 
Call as s u 

herb 
Leucaena 



Annona fnuriCQta 



fruit 



Pourouma cecropmefulwt truil 
Cnidoscolus chayamansa leaves 
Boehmeria nivea 
Calathija littvu • 
Leucaena lettcoc^phala 



Htem.H and 

fuliage 
leaves 



leaver 
wood, pods, 
seeds, bark 



B. Semiarid and Arid Tropics and Sub tropics 

C hannel txhinochloa tunvrana seed, leaves, 
millet and stems 

Buttalo 
gourd 

Ouar 
(cluste 
bean) 



Cucurb iia foci id i ssima 



seed, root 



Cyarnopsi^.fe tragonolobg sl' e d , lea ve s , 
^^^^ and stem 



fruit and 
juice 



grapelike 
fruit 

vitamin-rieh 
ieaty vegetable 

fiber and Ijiru- 
stoek fead " 

commereial 
wax 

lives|nek feed, 
timber, fuel, 
paper, soil 
ferti!i?:er, dye 
stuffs, human 
food^ erosion 
and vvatershed 
control, nurse 
tree, fire and 
wind breaks 



carbohydrate, 
protein, live- 
stoek feed 

oil, protein, 
starch 

gum, protein, 
oil, livestock 
feed 



V." 



Southern China, 
Australia, Africa, 
tropical Africa, 
West Indies - 

Western Arriazon 

Mexico and 
Central America 

tast and Southeast 
Asia, Brazil 

Amazon Basin, 
Central America 

Central America, 
Mexico, Southeast 
Asia, Northern 
South America, 
Australia, Hawaii, 
iiast and West Africa, 
Papua New Guinea, 
Caribbean, India 



Central Australia 



Mexieg, Southwestern 
United States 

United States, 
Pakistan, India, 
Australia* Brazil, 
South Africa 



domesticated 6-10 tons 

wild ? 
dofnesticated ? 



3 years' 
2=3 months 



domesticated C4 tons fiber, 2 months 

20 tons feed 
wild ^ 0.8 tons 9 months 

of wax 

domesticated I 2=20 tons 
. and wild of forage, 
20=50 tons 
of wood 



wild 



mostly 
wild 

domesticated 



less than 1 year 
to more tlian 
3 years, 
depends on 
^variety 
planted 



2 J tons of 
seed, 22 tons 
Starch 

18=24 tuns 
green fodder, 
0:9=2 tons 
seed 



iionths 
after heavy 
rain 

2 years 



3-5 months 
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TABLE 1 -Continued 



Conunon 



Scttntific Nama 



Usafyl 
Portion 



Potential 



Yield 

Prgiant Growing State of PsrHaetaif Tune t& First 
Areas ' Cultivation Per Year HaiVest 



Apple-ring 
acada tree 

Ramon 
trie 

Cassia 
shrub 
Saltbu^ 

CandeliUa 

shrub 
Taniijiigo 

tree 
Jojoba 

shrub 

Guayule 
shrub 



A^cia alhtda 
Broiiffium alicastmm 

Cassta sturtii 
A triplex spp. 
Euphorbia antisyphilitica 
Prosopis tamarugo 
Simmondsia chinemis 



leaveip ihoots, Ityeitock feed. 



_^*vpQds, seeds 
% twigs, 
nuts ; 

leaves 




human protein 
livestock feed, 

carbohydrate, 

protein 
livestock feed 

llvastock feed 



leaves and 
shoots 

stems and hard wan / 
leaves 

pods and kaVes hi^. protein. 



'Jiveitock feed 
seeds liquid wax 

identical to 
sperm oil 

Parthknium argirfiatum whole plant natural rubber 



C. Mountain Environments of Low Latitudes 



Grain 
amaranth 



AmarantHus caudatuSt 
£tc. 



seed, leaves 



hi^ lysine, 
hl^ protein, 
stardli^ vitamins 



Tropical and 
Southern Africa 

Central America, 
Southern Mexico, 
Cvibbaan Idands 

Australia, Israel 



wUd 

mostly wild 



wUd and 

cultivated 
wild and ^ 

cultivated 
wild . 



worldwide In 

warm arid zones 
United States and 

Mexican deserts 
Atacoma desert of cultivated 

Chile, Canary Islands 
United States and mostly wild 

Mexican deserts, 

Jsrael 

United States, Mexican mostl^ wild 
diierts, Spain, 'nirkey 



Andean region of 
South America 



domesticated 



200 kg several years 

protein 
? several years 



1/2 ton dry 1-1-5 years 
weight 

1-1 J tons 2 or 3 ycMS 
7 ' 2-5 years 

1 0-2b sheep 5 years 

2 tons , 3-5 years 



ton 1 year 



higher than leveral^onthi 
maize • 



<ptfai) 



0tt¥iopodium qtilPM 
Anamcia xanthonhiza 



ptmip 

^Jftfuijllla Scknum quitotnu 
ihfiib 

Wtagid 



PsophocarpUM tetrago- 
nolobus 1 



^ S^Ute Environmsnn 
Eel ^mss. Zostira marina 



Puinitielo Citru$ grandii 

mm 

Saltbush Atnplex spp. 



Tunarugo Fmsopts tamsmgo 
tret 

SUt pass Paspaium vagimta 



SpiriiUAA, Spintiim pktensis 
btut^gfgen SpiFulina maxima 
algae 



seed 

tybers, stemi» 

leaves 
fruit 



podSi beans, 
tubers^ 
foliags 



seed 



f,ui\ 

leaves and 
ihooti 



protesfii 

wbohydrate 
eaibdhydrite, 

livestock feed 
fruit and Juice 



protiin^oil, 
carbohydrate, 
livestock feid 



carbohydrates, 
protiin 

citrus fruit 

high protein, 
livestock feed 



pods and leaves high protein^ 

livestock feed 



leaves and 

stemi 



entire alp 



Andean re^on of 

Jouth America 
Andean repon of 

South Anierica 
Central a Ad 

Northem South 

America 
Papua New Guineai 

Souflieait Asia^ 

Sri Lanka 



domesticated ? 



livestock feedj 
sand stabiliza- 
tion 

poultry feedi 
very high pro- 
tein human food 



tidal flats and 
est^aTies in 
all latitudes 
brackish marihy 

areas in Thailand 
worldwide, including mostly wUd 
Mlty soils and syine . 
irrigation waters ^ 
Atacama de^rt of 

Chili, Canary Itlandi 
seacoasts from 
Australia to Spaifh 
Argentina to Baja 
California 
Lake Chad, Valley cultivated 
of MixicQ 



domesticated ? 

domesticated ? , 

domesticated U2 tons 
of friiit 

domesticated 2 J tons of 

dry beans « 



wild 



1-l J tons 



cultivatgd 10^20 sheep 



mostly wild 



3 tons 
protein 



5^ months 
10-14 months 
6-12 months 

1 0 weeks 



^veral years 
2 or 3 years 

S years 

1 or\ years 

several days 
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Cecoyam tuberi be maintainad in edible condition by leaving them in 
the ground (for as long as two years in fairly d^ soil)^ or they can be stored 
in a cool, dry place for s^eral months. Dasheen (Colocasm esmlifUa) be 
stored at ten degree centigrade for up to six months, and taro (Colocasia 
isculmta) flelds can, in various stag^ of maturity^ contain plante that mn be 
harvested the year round. The fruits and kernels of the buriti (Mauritia 
fiexmsa)^ baba^u {pfbignya martiana)^ seje (Jessmia polycaipa) palms, and the 
pequi tree {Cafyocar spp.) contain abundant oil, which could provide an 
export crop, as could the pr^rved fmits and juic^ of die duriaQ (Dum 
$ibithinm)y mang^teen {Gardnia man^5tam% pununelo (C^vs grandu)^ 
soursop (Anntma murimta\ and uvilla (Pourmima cei^^iaefolmy. Th^ fniits, 
together wth the leav^ of the chaya bush (CnUoscolus chayamaMf)^ can give 
variety to the diet of local people. Ramie flten (BoeKmma nivea) are several 
tidies as strong as cotton or silk^ and much more durable thah cotton. The 
cauassu herb (Calaihea ItUea) has ve^ lafge quandti^ of a commercially^ 
valuable wax. Cocoyam, taro and daiheen^ chaya, ramie', and cauaam have 
growing masons measured in ^months, unlike the fruit and palm trees diat 
require years beforet^aching maturity. The palm tr^, however, have very 
mod^t soil requirements. They live largely on their own debris, as is 
generally true of the plants of the rain for^t. ^ 

Mudh research is needed on m^t of th^ plante. For cocoyam, taro, 
and d^heen, the principal problem is infection of the tubers and roots by 
viruses, transmitted when the tubci^ are planted. Virus-free tutors could be 
produced if it were possible to reproduce tha plants either by tiMue culture 
orpy seeds. Researchers at the Universit)^f FlolTOa have recently grown 
cocoyam from seed, but there has never beaten a breeding prog^Ai for tare 
knd dasheen, either for removing pathogens or for genetic improvement 
Tarj® grown in flooded paddies now requires long hours of hai^ work in 
muddy, flooded flelds. Mechariical methods for planting, cultivating, and 
harvesting taro are badly needed and offer a great challenge to agricultural 
engmeers. 

In spite of its admirable qualiti^jL^^iniie flter is little used outside East 
Asia. In the harvested plant the fiber is covert with a tenacious, inert gum, 
which present is best removed by tedious manual labor. This mak^ 
ramie fiber relatively expensive even in developihg regions with an 
abundant supply of underemployed labor. More efflcient and econonu^l 
degumming methcKds must be developed. This will require r^earch by 
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organic chemkts on the itfucture of the gum and ways to diipblve it, and by 
microbiolc^ists to find micrMjrganisms capable of conmiming the gum 
without weakening the fiber. 

A similar problem exiate with cauami. Chemical and engineering 
r^aarch are n^ded to develop more economic^ tTOhniqu^ for separating 
the valuable wan from the leav^. 

For the palm and fruit and nut tr^ listed in the table^ the principal 
problems of economic development are the long times r^uired before a first 
barvM can be obtainad, and the consequent tying up of land and racial 
for many yeara without a profitable return. R^arch and development to 
shorten the growing tiip^ of these species or alternatively to find w^yn of 
interplantirig them with other cro^ that do give an early retumj rauld pay 
oflT handsomely , 

THE FLYING BEAN 

Perhaps the mo^t remarkable and potentially useful food orop listed in the 
table is the winged bean {Psophocarpus Utragoml^bm)^ which may have a 
greater capability for relieving the protein hunger of people throughout the 
humid tropics than any other known plant. It is a ^rennial lepmie, now 
grown by farmers only in Papua New Guinea and Southeast Asia far 
w^t as Sri Lanka. The plant produce edible green pods within two and a 
half months after plantings and beans after four months. It continue to 
provide nutritious and tasteful food indefinitely, though the yields decline 
after several months^ lo that farmers usually treat it as an annual crop. 

The winged bean resemble an ordinaiy runner beanj a bushy pillar of 
greenery with wirelike shoots that twist upward searching for sup^rt to 
hold the plant upright. The pods containing the beans vary from six to 
sixty-six centimeters in length, de^nding upon the variety, with four green 
flanges or "winp" running the length of rtie pod. The dried beans contain 
up to twenty percent oil and thirty-seven percent protein, with an amino 
acid balance and nutritive value equal to the protein of soybeans, Yields 
can be nearly as large as those of soybeans and much larger than other 
tropical legume, over three and a half tons of dry beans per hectare in 
experiment station plots. The protein compDnent of a mixed diet of winged 
beans and maize has as high a nutritive value as the protein in milk. Like 
soybean oil, winged bean oil is polyunsaturated and therefore presumably 



COMMISSION ON INTERNATIONAL RELATIONS 



batter for human health ^an saturated fats, and oil$. Some varied^ ^ 
produca protein^rich tubers that can be eaten like potato^; the floweiB and 
leav^ are also nutritioua and tasty. 

Pr^nt varieties of the winged bean appear to be photosensitive, 
j'equiring a ihort day to flower, so that the plant produce seeds only at 
latitude within twenty-five degr^s of the equator. On the other hand, 
unlike most cultivated tropical plants it tolerates a wide range of altitude. 
In Papua New Guinea it is grown from sea level to over 2,006 meteiB, For 
this reasra, w&^'fiave list^ it bc^|^in Parts A and C of TaUe^/^ a 
potentially valuable source of protein and oil for human food and as a 
liv^tock feed.: 

In the future, the winged bean could become as important a crop plant 
as the soybean. Our knowledge of itt genetic, physiology, apt^nomic 
requirements, and potential uses is about the same as knowledge of 
soybeans sixty yeai^ ago. Present varieties are gro%^ mainly by home 
gardeners for family consumption or for mle in Iwal markets. Larger-scale 
coihmercial prcduction is 1^ practicable, tecause the plante must be 
supported by stak^ to produce high yields and the beans must be harvested 
ovet many rrtonths. 

R^arch on the winged t«an is needed to develop strong-stemmed 
dwarf varieti^ that will not require staking, and whose beans mature and 
can be harvested at about the same time. Fennentation and other food- 
proc^sing technologic for preparation of curd, milk, gniel, and other foods 
similar to those obtained from soyteans should be inv^tigated. 

A report. The Winged Bean, a High Protein Crop for the Tropics, was 
published in 1975 by an international panel of the Advisory Committee on 
Technological Innovation of the Board on Science and Technology for 
International Development, Under the chairmanship of Richard E, 
* ^^Sch^teSj specialists from ten countri^ contril^led to the preparation of this 
^ report, which describeg the pr^nt stat^^of knowledge concerning the 
winged beanj its promise as a crop plant, significant data gaps and r^earch 
182 needs, and a proposed strategy for international coOpgration in r^arch 

and testing, Th4 report contains a list of r^earcheri known to be wprking 
^ with the winged bean and a bibliography of nearly fifty references. One of 
the panel's recommendations was that an informal international newsletter 
should be published, and such a newsletter, "The Winged Bean Flyer," 
published by the Department of Agronomy, University of Illinois, now 
appears semiannually. 
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Part C of Table 1 lUts five little-knov¥n specie that might be used to ' 
enrich the diets' of the peoples of tropical highlands. One of these, the 
winged bean, has already been descrited. The remaining four are native to 
the highlands of tropical South America. One, quinua (Chmopodium qui^a), . 
is a food grain that was a staple of the ancient Incas. Another, the Peruvfen i 
parsnip (Arracacia xanthorrhiza), is a starchy tuber that is 1^ expensivd^Uy 
plant and harv^t than the potato' A third, the naranjilla (Solanwn quitomse), 
the "golden fruit of the Andes," has a sweet-sour flavor reminiscent of 
pineapple and strawberri^. It is used in Ecuador and Colombia as a 
dessert fruit and to make a delicious juice, One hectare of naranjilla can 
produce one to two tons of fruit within a year of planting. 

The grain amaranths (Amaranthus caudatus, A. cmentus, A. hypochondnaciis) 
appear particularly promising as a source of carbohydrate and protein for 
highland peoples. They are reported to show a higher yield per hectare of 
seeds— containing about fifteen ^rcent protein and sixty-three percent 
starch = than maize grown on adjacent plots. The lysine content — one of 
the essential amino acids usually deficient in cereals— of the protei^ is 

^ about the same as that of soybeans and milk. At the time of the Spanish 
conqu^ti amaranths were major grain crops in the tropical highlands of the 
Americas, where they played an important role in Indian religious 
ceremonies. In their efforts to eradicate the native religion j the Spaniards 
suppressed amaranth cultivation ap^ ifitroduced barley^ a low-lysine cereal, 
in its stead, thereby improving the Indians' souls at the expense of their 
nutrition. During the last century grain amaranths were introduced in Asiaj 
where they have become important to some hill tribes. 

The lack of roads and vehicles restricts the cash crops that can be 
grown by the farmers of tropical highlands to high-value, small-volume 
niaterials that can be carried for long distances on^ human backs. A search 
needs to be made for essential oils and spices, medicinal plants^ gumSj and 
other natural products for industry that can be grown in the hills and 
mountains of the poor ^untries. Descriptions of some plants of this type, 
which might be suited to the highlands of Sri Lanka at heights up to 2,000 183 

' meters, are given in Naitiml Products for Sri Lanka's Future, the report of a 
workshop jointly s^nsored by the National Science Council of Sri Lanka j 
and the National Research Council in 1975. Some fifty scientists from Srif 
Lanka and nine from the United States participated in this workshop. Caff 
Djerassi chaired the American group. 
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Part D of Table 1 lists seven species that are now cultivate or might 
be used in bpieflcial exploitation of areas of saline water or soil, ^le of the 
mmt interning of th^ is spimlina (Spirulim pbttmsis^ maxima)^ a blue-^ 
gr^n algae that wm grown by the i^tecs in the shallow lak^ of the Valley 
of Mexico BB one of their principal source of protein. It is still cultivated 
near Mexicb City Am a high-protein^ high^carotene additive to chicken feed. 
Spirulina also grows wild in Lake Chad, where it h^ been eaten hy the 
local inhabitant for many generations. The microorganism is relatively 
lat^^ and the Chad villagei^ recover quantiti^ of spimlina by filtering tfie 
lake water through muslin. The material is then sun-dried in cak^, stored 
until needed, and ccNDked and eatek as a green v^etable. Seventy percent of 
the dry matter is protein with a relatively satisfactory balance of ^antial 
amino acids; the vitamin Big content is also high. 

The Seri Indians of Tiburon Island in the Gulf of Galiforma found 
that the common eelgra^ (Zostera marim) ^oduces seeds that canl^ u^d as 
a food grain. They threshed the sim-dried plants with woodeft clubs, 
winnowad the grain, ^d ground it into flour. Recent t^ts have shown that 
this bland-tasting flour contains about thirteen percent protein and fifty- 
' onq percent starch j which compares favorably with wheat or rice. Applied 
marine biological research might develop eelgra^ into an agricultural crop 
that could be grown in saline paddi^. | 

DROUGHT AGRICULTURE 

Many of the world's poorest people live a precarious existence in the 
semiarid and arid tropin and^subtropi^. They have the same needs as the 
populations of the humid tropin for increased suppli^ of carbohydrate^ 
proteins, and other nutHents, and for agroinduitrial products that could 
provide incomes. But there are two major diflerences: Crop plants for 
unirrigated arid or semiarid lands must be able to withstand long periods of 
drought and be able Vo grow vigorously during rainy seasons. Liv^tock 
1 84 husbandry is often the most economically efficient way - to utilize the 

abundant land and scarce water r^ources of arid lands; consequently^ 
plants that can provide a greater quantity and better quality of liv^tock 
feed are highly desirable. 

Part B of Table 1 lists seven plants, now grown only in a few regions, 
that might' b^ used principally to provide livestock feed in other semiarid or 
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arid regioni. Four other plants have promising agroindustrial potentials, 
and several rauld pro^de cartohydrata and pFotein for Ifuman food. 

One of the latter is the bufTalo gourd {Cmirbi^ foetidissirm), a vigorous 
long-lived perennial that grov^ wildion wastelands in the d^rti of Mexico 
and the ^uthw^tem United Stat^ and is now being cultivated in 
Lebanon. abundant fruits encl^e a prodigious quantity of s^ls, which 
can be easily thr^ed out when the fruit dri^. One hect^e of plants can 
produce 2.3 tons of seedSj containing up to thirty- four parent of an edible 
polyunfaturated oil and thirty to thirty-flve percent protein. The seeds have 
been eaten for centuri^ by N^h American Indians. T^e buflTalo gourd's 
enorniDus root can weigh thirty kilograms after just two growing seasons; in 
three years it can be twice as large as a man. The roots are fifty ^rcent 
starch. Very little is known about the plant's variability , its agrondmic 
requirements, or even the length of time to maturity. The root starch 
contains bitter=tasting glycerid^ that must be washed out in a salt solution, 
and the protein meal left after oil extraction may contain toxic sutotanc^ -, 
that must be removed before it can be used as a feed for livestock or as 
human food. Research is needed on all aspects of this promising plant 

The guar, or cluster bean (Cy^mopsis tetragonoloba)^ is a leguminous herb 
resembling the soybean. It has been grown for food in India since ancient 
times, but its great potential lies in the gum in its seeds. Guar gum has five 
to eight times the thickening power of starch. It is useful as a filter aid in the 
mining industry; a thickener in c^meti^, hand lotions, and creams; a 
strengthening ingrediertt in paper; a stabilizer for salad dr^ing^ Imkery^ 
products, and ice cream; and in the drilling muds used by the oil industry. 
Some 25,000 tons of the gum, at a price of 81.50 to $2.50 per kilogram, are 
produced annually in the United Stat^, and the demand exceeds the 
supply. Seed yields per hectare from irrigated guar are as high as^L9 tons, - 
with twenty-two percent being gum, which is worth $625 to $1,050 per 
hectare at present prices. Improvement through research could make guar 
a top-ranking agricultural crop in many semiarid tropical and subtropical 
regions. i 

THE BOTANICAL WHALE 

Few plants can withstand the scorching temperatures, low humidity, and 
lack of rainfall in the desert. One of those that can is a slaS green, twiggy. 
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Stunted shmb called jojoba {Smmmdsia chinmsis). It grows wildj often in 
dense stands, scattered over 300,000 ^uare kilometers in the Sonoran 
D^rt of northwwem Mexiwi AriEona, and California^ where annual 
rainfkl] vari^ from ten to flft)^entimeters. Each plant pr^uc^ many soff- 
skinned nuts, long used by the Sonoran D^rt Indians as fo^ (roaated they 
smell and taste like ro^t^ roffee beans) and as medicine. Half the weight , 
of an average nut is a yellowish s odorles oil. The meal left after the 
extraction of the oil contains about thirty ^rcent protein, as well as 
cartohydrat^ and fiber. Jojoba oil feels oily than the usual ^ible oil. j 
The reason is that it has a radically different chemical structure from any ) 
other known vegetable oiL Chemically , it is comp^ed alm^t entirely of 
^ters of high molecular weight, cdnsisting of ikaight chain alcohols 
^terifled with long-chain fatty acids. Jojoba oil is a ^^^nsaturatcd liquid 
wax: Both the acid and the alcohol portions have twenty to twenty-two 
carbon atoms, and each h^ one unsaturated bond. Wax^ of this type are 
difficult to synth^ize commerciallyj and for decade the only source has 
been the spenn whale. With growing industrial demands, spenn whales 
have been hunted ever more ruthle^ly, until they have become an 
endangered specie. In 1975 over 20,000 sperm whalm were killed, and 
each whale provided several tons of sperm oil. 

Importation of s^rm whale oil is now prohibited in the United Stat^, 
but the real hope for survival of these magniflcent mammals is the 
possibility that jojoba 's liquid wax, which is virtually identical with spenn 
oil, can be pi^oduced more economically and in larger quantititt than the 
whalers can supply sperm oil. . 

The major application of sperm oil has t^en in lubricants used under 
extreme pressure in automobile transmissions and other high-speed 
machinery, and also in machinery operating at both high temperatuTO and 
pr^ures. Jojoba oil has been shown to duplicate sperm oil's lubricating 
properties; it serv^ well as a cutting or grinding oil when added to other 
lubricants; and it may be suitable s& a transformer oil or an oil for delicate 
mechanisms. It has major potential in the c^metic industry as a component 1^ 
of hair oil, shampoo, soap, face creams and sunscreen compounds, and in 
pharmaceuticals as a stabilizer of penicillin products and a coating for \ ^ 
medicinal preparations. When combined w^ith sulfur chloride it could be \ 
used in the manufacture of linoleum, printing ink, varnishes, chewing gum, 
and adhesives. Its alcohoj and acid derivatives can be used in the ^ 
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preparation of diiinfectanti^ surfactants^ detergents, lubricants, drieii, 
emuliifleiSj resina, pl^ticizen, protective coatingf, flbere, €»rrgsion inhibi- 
tors, and bas^ for creams and ointments. 
- / ' When hardened- by hydrogenation (the proc^ that pr^u^^ 

margarine from vegetable oils), jojoba oil is transform^ into a dense solid 
of sparkling white crystals, called Jojoba wax, which rttembte ipermaceti 
(alM) from the s^rm whale), carnauba wax, and be^wax. It has a high 
melting point of seventy degree centigrade, and a hardn^ approaching 
that of carnauba, the **king" of wax^. Jojoba wax h^ potential %iBm in 
polishes for floors, furniture, and automobile; as a protective coating on 
fruit, food preparations, and paper container; in lipsticks and candle; as a 
sizing for textile; and as a high-dielectric-constant material for electric 
insulators. 

Yields of up to Ave kilograms of nuts from an individual jojoba shrub 
have been recorded; the wild stands of jojoba in Mexico and the Unit^ 
States ar^ estimated to produce 10,0M to 15,000 metric tons of nuts each 
year. But the most that has ever been coU^t^ in the United State was in 
1972, when about forty-flve metric tons were harvested by the ApMhe 
Indians of the San Carl^ Reervation in Arizona. The oil obtained from 
this harv^t was distributed by the Universiti^ of Galifomia and Arizona 
for toting by more than a hundred industrial fimis acro^ the nadon. Only 
about thirty metric tons were harv^ted in Arizona and Caiifomia in 1976, 
even though the ^tablished price of jojoba oil is $11 per kilogram in the 
United Stktes and about the same in Mexico. The pr^ is high because the 
nuts must be harv^ted by hand during July and August — the hott^t 
period of the year— at picking rattt of $2.20 to $3.10 per kilogram of nuts. 
The pr^nt world market demand of le^ than fifty metric tons of oil 
probably cannot be increased or even sustained unl^ the cm^ of the oil 
can be reduced. At a price for jojoba oil of $2 per kilogram, the ^timaterf 
demand would be very large, about 127,000 metric tons. Such a price will 
be attainable only if the jojoba can be succ^fuUy dom^ticated and 
188 cultivated on commercial plantations in which the harvttting proc^ is 

mechanized. This could pr^umably be accomplished by using machines 
similar to those employediffinarv^ting blueberri^ and grapes, which pick 
several thousand kilograms per hour. It is estimated that harvating costs 
could then be reduced t^ten to twfcnty cents per kilogram of nuts. 

Jojoba plants are now being cultivated in Israel, where a plantation 
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was started about ten y^rs ago, and a small t^t plantation haa been 
initiate by the UnivOTity of California, Riveraide. Several agenci^ of the 
federal government are helping IndianB on r^rvations in Arizona and 
Califomia to ^tablish jojoba plantations. So farj about forty hectare have 
been succ^sfuUy plants, and over a hundred hectafa have l^n cleared 
for planting. The Indius have allocated more tha^ a thousand hectare of 
^^ir land for further £lantationB. To meet the projected world demand, 
about 100,000 hectar^of plaijuitiona will required, at a yield of 2,500 
kilograms of nuts per hectare. Th^ could r^ult in a $250 million industry. 
Under the chairmanship of Par^r F, - Pratt, the National R^earch 
Councirs Committee on Jojpba Production Systems Potential, made up of 
specialists familiar with Jojoba in various discipline from Israel, Mexico, 
and the United Stat^, including Indian tribal repr^ntative, has prepared 
a comprehensive seport on the feaiibility of cultivating Jojoba in the Indian 
reservations of the Spnoran D^rt region. 

The principal economic difflculty impeding succ^ful development of 
an Indian agroindustry ba^d on jojoba is the long time required to produce 
a profitable crop, approKimately five to ten yeai^. Although compafable 
with the time required for profitable hanrteting of other high-value cro^ 
such as almonds, macadamia nuts, and avTCadoes, this long period of 
investment without return will be very difficult for the d^rt Indians of 
Mexico and the Unit«l Stat^, with their limited ^pital resoiirces and 
extreme poverty. Moreover, the Indian ^pulation currently lacks the 
training and experience necessary to succe^fully manage, operate, and 
develop enterprises of the required scale. The NRC cotnmittee has 
recommended establishment of a short- and long-range education and 
training program for Indian farmers, managers, and r^archei^, both tiiom 
involved with jojoba production from the natural shrut^ and thc^ 
concerned with management of future jojoba plantations and proc^inf 
plants, ' 

Besides Israel and Mexico, r^arch projects on jojoba have been 
initiated in several other countries, including Japan, Australia, Sudan, and 
Great Britain, Broadening of this international base of support for jojoba 
development as a commercial crop is highly d^irable. It will encourage 
research workers in government and private agenci^ to create higher- 
yielding jojoba varieties. The international exchange of information on 
growing jojoba under difTerent environmental and managerial conditions 
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will be valuable. International cooperation can also be eicpect^ to promote 
production^ tnarketing, and utilization of the nut and its by-producti. An 
international newsletter, yo/oAa Ha^mings^ is now published, by the Office of 
Arid Land Studio of the University of Arizona. The Intemational Council 
for Jojo^ Development was organized in 1973, and international 
conference were held in 1972 #nd 1976. 

■ - * m, 

GUAYULE — THl FORGOTTEN PLANT 

Natural rubber occure in sonie 2sOTO specie of plants. But only two specie 
have ever been used as continuing source of cdmmcrcial mbber. One of 
thecj the majtttic rubber tree Hevea brasilimsis^ flrist discovei^ in the rain 
for^ts of the Amazon and now grown principally in M^aysia and other 
humid I tropical paits of Southeast i^ia, produce nearly a third of the 10 
million tons of the total (natural and synthetic) rubber uied in the world 
each year. The other is an inconspicuous^^^rub, Parthmimi argentatwn. It 
. grows wild in the Chihuahu&n deert of Mexico and the trans-Pec^ region 
of Texas, where the rainfall is low and erratic. In pre-Columbian Mexico, 
the Aztecs made bouncing balls out of its rubbefj which they obtained by 
chewing the stcnis and spitting out the rubber and vegetable patter 
separately. The conquering Spaniards corrupted ite Indian name to 

^ guayule. It is said that half of the rubber used in the United State in 1910 

came from guayule. * • . 

Both hevea and guayule ^ield an apparently identical polyisoprene 
rubber. During World War 11, thousands of tons of guayule rubber were 
produced by the u,S, government in cultivated fields in California, and 
experimental plantations have been attempted in semiarid repons of many 
other cQuntries, Yet, today there is no commercial guayule farming ^ 
anywhere in the wo^ld^ and the wild guayule plants are being experiment 
' tally harvested for their rubber only in Mexico, 

Neverthel^, the dramatic rise in the price of petroleum (the raw 

100 material for synthetic rubber) during the last few yeara^ and, the increasing^ 

likelihood that the demand for natural rubber will exceed the capacity of 
Southeast Asia to pi^uce it, have focused renewed attention on guayule as 
a potential biological resource for agriculture in semiarid regions, Xhtee 
regions contain some of the world's poorest peoples, not only in Africa, 
South America, and Asia, but also on the Indian 'reservations of the 
southwestern United States, 
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The hiito^ and prapects of guayule are d^ribed in Gmyule: An 
lUrnative Source of Natural Rubber, pfepared by a panel chairttl by Reed 
Rollins, sponsored by two boards of the National R^arch Council, and 
supported by the U.S. government's Bureau of Indian Affaii^ and four other ^ 
federal agenci^. The principal rea^n for the^ecline of guayule was the 
government's abrupt abandonment of its Emergency Rubber Project in 
1946, when 10,000 tons of rubber in 12,000 hectare of guayule plantations 
were burned or diik^ into the ground. Mcst of the seeds from the genetic 
improvement program were destroyedj along with millions of seedlingSj 
because it was thought that synthetic -^rubber" el^tomei^ would soon 
^conipletely supercede natural rubber. But during the last three decad^j 
natural rubber has proven superior to the artificial variety for many uBm, 
and the relative costs of natural rubber have been kept low through i 
intensive research. The Rubber Research Institute of Malaysia has 
Achieved a sixfold improvement in the yield of hcV^a trem and has 
demonstrated the possibility of a further tripling of annual yields, up to , ^ 
seven and a half tons per hectare. This is in sharp contrast to the best yields 
for cultivated guayule in irrigated fields at the end of World War II, which 
were about 0,83 ton hectare per year. Genetic research and the use of 
plant growth regulators (such as 2,4,5-trichlorophenoKy acetic acid and 2- 
chloroethyl phosphonic acid) haj^e revolutionized hevea rubter production. 
^ There is good reason to believe that a similar revolution through r^arch 
could occur in guayiilei 

The genetic diversity of the guayule plant is inmiense. Every bush 
growii^g in the deseft appears to be almost a separate strain. There is a wide 
variation in the ruflber content of the plants,^t)m le^ than ten to about 
twenty-six percent, in the rate and size of growth, and in disease resistance^ 
ease of defoliation, ability to compete with weeds; resin content, and cold 
and drought tolerance. Moreover, guayule can be hybridized with other 
larger species of Parthenium, and it has a unique "bimodal" reproduction^ 
system. In one mode, the female flowers do not have to be fertilized to set 
seeds, and this "apomictic" reproduction ensures that once a good variety is , ^ I -^1 
found, it can be multiplied indefinitely without genetic change. One of the 
greatest research needs is a simple, rapid method for screening plants for 
rubber content. If such an instrument were portable, the breeder could use 
it to comb wild stands for the best strains, instead of growing thQusands of 
seeds in a blind groping for desirabte types. 

For every ton of rubber, the guayule plant contains atout half a ton of 
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rmni including varioua kinds of terpens and low-mblecular-wii|ht 
hydrocarbons. In the pM it was not to separate th^ liquid tars fron^ 
4ne nibter, and alniQit all the ^a^le rubber sold was in a tany fonn. This 
Ruinous nabber gave ^ayula a bad reputation that still pems^ In^the 
rubber industry. It has since teen found that the r^in cati'^ily be 
removed by olF appropiiate solvents. But no der^inated rubber has ever 
b^n' prc^utoj for commercial use, Tw^^mijor r^earch needs are the 
development of improved methods for r^in^^paration and for e^racting 
the latex from thi-shrub without coagulating it to rubber,. * ^ 

It could turn out that research on by-products from guayule wiirbe the 
key to Its succe^ful use» The i^in contains volatile ' and nonvolatile 
terpenoids, a shellaclike gumj drying oils^ and dnnamic acid. In fact, the 
rain mi^ prove than the. Aibber. A^^ioa of guayule leav^ 

also contains atout twenty-five kilograms of a hard wa?Oi with one of the 
highest melting points (seventy-six degree centigrade)^ ever recorded. As 
v^ith .jojoba, tt^ere is ah increasing, demand for hard wax^; they also 
command high pric^ (about $4 per kilogram). ' 

Guayul? has twQ significiit ch^acteristic^ for potential dry-land 
agriculturc. The plant easily survive long ^riods of di^ought by tecoming 
dormant, and it is long-lived. So, while succ^ful guayule production 
require an averagi annual water supply of about forty centimeters, the plant 
can be grown in regions where rainfall is widely variable from year to year. 
During its long lifetime, trfe plant does nof use or metabolize the rubber it 
produces, but simply accumulates it, up to perils of at least ten years. 
When guayule is actively growing, it produces little or no rubber. But when 
growth slows during periods of cold weather or reducpd moisture, the 
products of photosynthesis are diverted to rubber production, and ftie 
rubber content increases. Consequently- the plants could be a living and 
growing'stockpile of rubber and other potentially valuable products, which 
once established would require little or ^o maintenance, and could provide 
farmers with security in bad yeai^. For this reason, guayule could be an 
excellent crop for stopping erosion, and ^ssibly for grazing, in semiarid 
wastelands. It might also be a useful intercrop grown between rows of food 
crops, 

Hevea rubber is one of the mc^t labor-intensive crops in the world. If 
guayule is to compete with it successfully in the United States, not only 
would annual yields per hectare need to be raised, but pr^uction would 
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need to I be mcchanizea in order to increase yields per worker. Iii jhe 

miarid lands of l^»developed countri^, however, guayule cultivation ^ 
|vduld be basically aimUat to that o1 other field cro^, and mechanization 
ivould not, t« nec^aiy in rural are^ of high unernploymcnt or 
Underemployment. The posibiliti^ in th^ regions for producing guayule 
rubber that would W cbm^titive in c^ts and quality with hevea rubber 
^epend on the development of high-yieldifig strains and the improvement' 
of processing faciliti^. , 
The report Guayule: An Altmiati^e Source 'wf Natural Rubber recommends 
that the U.S. government should initiate a planned, cTOrdinated prop^am of 
research and development for commercialization of the guayule plant, with 
special emphasis on agricultural production. Such a pr^ram v^uld require 

5mbine^skiik-o^f>lant-pneti€4star^ - 
technologists, organic chemists, ^d chemical engineers. It should be r ' 
undertaken in close collaboration with the government of Mexico, which 
already has a program for exploiting the ^timated 2.6 million tons of wild 
guayule shrubs (containing' over 250,000 tons of rubber) that can be 
harvested in northern Mexico. The annual budget for the United States' 
portion of this program, could be in the range of 82 to 84\millionj but the 
payoff cduldbe a new agricurtural enterprise worth several hundred million 
dollars. \ " J % 



FAST-GROWING TREES FOR FUEL AND FORAGE 

Fuel for cooking and heating, water is^just as^assential as fo^ itself for the 
poor" people of the developing countries. In mountainous and hilly areasy 
fir^ must be used if people are to keep warm. In some regions, cattle dungj 
wheat arfd rice straw, and corn husks are burned; but these.materials have 
other necessary uses as fertilizer and feed for liv^tock. Whtereyer trees ^e 
available, firewood is used as fuek On the average, nearly one ton of 
firewood per person is c^sumed each year in vast regions of Asia, Africa, 
and Latin America, Wood is the ''poor man's oil. , ' 

With the unprecedented \growth of human populations in all the 
developing countries, more and more wood is being burned each year, and, 
in many areas, forests are being cut down for both fuel and livestock forage 
faster than they can be replenished. In the hilly or mountainous headwatera 
of great rivers, destructive arosion of steep slopes is rapidly increasing; the 
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ittulting sediments choke the riveis and cause more dkastroui dowiso'ewi 
^oods each .year. As the supply diminishes, the price o£ hielwood, 
continudly ris^. In Nepal the average family spends atout one-fourth as 
much on fuelwood m it do^ on food. If the wood is not purchaaed, one 
memter of the family is often fully, occupied in coUecdng firewood from 
for^t areas at evcr-increaaing distances from the village. One of the re^ont 
the forrats are being denuded is the slow rate of growth of mM native trei^. 
The. wid^pread sal tree of India and' Nepal, iFor examplej j:equir^ eighty 
yeais to produce usable timber. ^ P 
^ Small plantations «f fast-growing tre^ fcfr fuel pid forage coyld bring 
, great benefits to rural village. Moreover, with the continuing rise fri the^ 
c^t of fo^il hieli, many tropicml oountri^ m^ find it economically 

--^-^wrable-to^iaka-^vantage of their ^fagrfimt^^me-En d-T^r^roun d^ 
growirtg conditions by ^tablishing large "ener^ plantations'' m a itaeans of ^ 
capturing, solar energy for industry and transportation, f'oreit tre^, with 
their low nitrogen requirement and their ability to grow on poor, rocky soils 
and steeply iiregular topographyj could make an important contribution to 
meeting future energy needs. TTie key is high productivity per unit ararr 
For examplej with an annual production of twenty-five tons of w6od ^r 
hectare, which is attainable with several of ^e trees d^ribed below, an 
area 550 kilometers on a side could provide all of India's present energy 
requirements. This is abcwjt one-fifth of the existing cultivated area in India. 

To help in the search for firewood tre^ suited t$ the, diverse 
environments of the le^-developed countrieSj Noel Vietmeyer and his 
colleague sought the advice of over 30O foresters and botanists throughout 
the world. Each spegialist wa3 ^ked' to nominate those tree specie he 
considered mQst appropriate for firewood plantdtionp. .Out o£ more than 
1,000 species nominated^ nearly half were rated as having exceptional 
promise by one or more persons. For some speci^j there was general 
agreement among at least half the Ipecialists that they d^en^ed to be 
ranked as promising candidates. ' 

Usmg the results of the qu^tionnaire ^ahd other information, an 
international panel appointed by the Board on Mence and Technology for 

, Internatibnal Development is preparing a manuil of promising fuelwo^ 
species. TWs will contain references to institutions " and individuals 
througKout the world who are conducting investigations on each specie 
and a bibliogj-ap^y of published information and recommerrfations on , 



desimUie ^atiiMlal and iiiterriatbnal tttidn/jThe panel is chair^ by 
Mward S.jAyensu of the Smith^nian IhstitutioT^ ' \' /s. 

j Table 2 shows the top specib selected by th^ expert for^the Ave 
pi^ncipal environments- of the dqvdopiBg, co^ntri^: ' tropical Jughdands, 
s^vaAna regions^ s«niarid regions, Wid luid MediterrancaJi areas, and wet- 
^ lowland tropiQ, About ten to wffrty |pKi^ ar^ shown for wch major 
environment. It will be noted fliat Ithere is some overlap in the 
recommendations; eucalyptus and acacia specif are highly rated for 
almost all of the regioni, for example. . | - , ^ 

In considering this list, it must b<^membered that in many poor 
countrii^ trees are used both as a*sour^^fuel and construction materials 
and ^ a f|ed for livratock. The bmnch^ Are lopped off and carri^ to the 
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anima l s , which eat^the leaves ar 
acacia provide the most digestible and accebtable nutrients. Hence the tre^ 
chosen for village plantations may not be th^t can produce the hi^^t 
caldric value f^r unit area arid time, but fhdse that provide an optimum 
combination of fuel and forage. 



JACK'S BEAWSTALk . " ' 

Heading the list of exceptionally promising trees for the lo\v-lying humid 

-tDOpics h an evergreen tropical legume^ Leucama Imcocephala, which is one of 
the most vei^tile plants in the world. One of its varieties has traveled from 
its original home in Mexico and Central America throughout the tropica 
during the past, two and a half centuries. The name Oaxaca (Mexico's fifth 
largest state and /a prominent modern cifty) is derivi^d from a pre- 
Columbiari word ^meaning the \'place where Leucaena groWs/' The plant 

1vas carried to the Philippines in the Manila gallons, which for 250 years 
sailed acro^ the Pacific each spring from Acapulco. This "Acapulco" 

^^usually called '^Hawaiian'') variety, is a short, rugged, bushy tree up to five 
meters high that makes go^ firewood and charcoal and is useful as a 
**nurse tree" to provide shade and nutrients for coffee, cTCoa, pepper,. 

'vanilla, and^other shade4oving crops. It was spread by colonial plantation 
owners in the nineteenth century to the Netherlands East Indies, Southeast 
Asia, India, East and West Africa, the islands of the South Seas, and the 
Caribbean. The Hawaiian variety flowers year round and produces seeds,, 
even when only a few ttionths old. Consequently, it easily become a 
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TABLE 2 Fsst-Crowing f ree Sp^ies for Fuelwood Plantatiol 

' ' : _- — — ^ " ' ■ V- — ^ 

•A TROPICAL HIGHLANDS' SEMIARID REGIONS (Cont,) ARlb AND MEDITER^ 

RANEAN AREAS (Cont) 



Canmrins spp. 
Bucaiyphis ghbJius 
Euesiyptui grandis 
Eucalyptus mmidenti 
Acsck mmmmi 
Cupfwmttlusitanica 

Gnvillea robusta 
—Pm us ooca r\ 
Finu$ canbea 
Pfosopii chilensh 
Quercus spp. 
Alnui spp. 



Aeaeta nilotics lubsp, indica 
Aceew senega! 
A^cm tortUis 
AibizMUi Iwbbek 
Tamarindus indica 
Emblica offtcionaiis 
Temarix spp, 

ARID AND MEDITER- 
RANEAN AREAS 



Acacia albida 
Acacia ienegel 



SAVANNA REGIONS 


^ Acacia iortiiis 




Acacia nilotica and 


Gmelma arborea 


Acackt arabica 


Anogeissus ipp. | 


Acacia seyal j 


Gliricidia septum f 


MaetuQ cm$sifolia 


Morifiga oleifm 1 


Tamarij^phylla " 




Tamarix nilo tica 


'^Terminalia spp. 


Haloxylon persicum 


Quercus oleoides 


Haioxylon mlicornicum- 


T^ems spp. 


Coiophospermum mopane 


Eucalyptus citFiodora 


Prosopis tamarugo 




Retama racta^n 


SEMIARID REGIONS 


Pinus bahpcnsis 




Ziziphus spina-christi 


Azadirackta indica 


Balanites aegypiiaca 


Prosopis fuli flora 


Acacia aneura 


Acacia albida 


Acacia cambagei ^ 


Acacia dccu^ens 


Acacia bmchystaehya 




Acacia saligna ' 




Atadirachta indica 




Cassia siamea 



^ ^suarina iquUetifQikt 
Eucalyptus caffwlduiensis 
Eucalyptus microtheca 
Eucalyptus gomphocephala 
Eucaiyptus^ccidmalw 
Parkinsonis oculsata 
Pitheceliab^m dufcf 
- Pro^pis-afiiesna^^ ^- - 
Prosopis alba 
Pfosopis chUensis 
^osopis cinetana 

€: TOT-BR^^WfeAND 

' TROPICS 

Leucacna leucocephsla ' 
Syzygium cumini 
Acacia auricuUformis 
Casuarirm equisetifolia 
Eucalyptus spp. 
Munting^ calabura 
Zizyphus mauritiana 
Calliqndra callothyrsus 
Scsbania grand i flora 
Guazuma ulmifolki 
Termindlm catappa 
Gliricidm^epium 
Vitex spp. if, pubesccns 
Prosopis pallida 
Mimosa bracaatinga 
Pongamia glabra 
Trema spp. 
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noxious weed, forming dense, impenetrable tangleSj when it is not regularly 
harvested for fuel or forage. In East Africa, its low, bushy growth is said to 
be an ideal breeding ground for the tsetse fly, even though the pfanJE is 
considered useful for stabilizing eroded slopes. At the same time, the 
Hawaiian variety produces a highly palatable, digestible, and nutritious 
food for cattle, water buffalo, and goats. The dry leav^ contain twenty- 
seven to thirty-fou^ percent protein, with a balance of amino acids much 
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like, that ii! alfalfa and one of the high^t pro-vitamin A con^cnte ever ^ 
re^rdadan plants; ' " x 

Within the lait two decade ftvo remarkable new varieti^ of L^maena 

■ §-._' * _ 

have bttn discovert in inland lotmU of Central and South America. One 
of. these, the Salvador or Hawaiian giant variety, is a tall, virtually 
bran^hl» tree that can grow to a height of nine mctcis in two yeai^ and 
twenty meters six to eight years. In den^ plantations, it appears to^yield ^ 
a larger quantity of wood than any knowp tree, at least in the Philippine. 
Annual growth increments have been measured from twelve to over fifty 
tons per hectare. TTiii marvelous tree, with its giant ^ds packed with shiny 
dark red seeds, is about as clc« as a living plant can come to the teanstalk 
that jack dimb^ in the famous fairy talc. . 

The Peru type, another recently discovered variety of Lemaem, 
producer l^ttld tmnk but extremely high quantiti^ of foliage— under 
favorable conditiohs up to twelve to &venty tons per hectare of edible dry 
matter containing over twenty percdnt protein, compared to eight to nine 
tons per hectare for alfalfa With about the same percentage of protein, Thie' 
foliage can cither be browsed in the field by free-ragging catdej or 
harvested and hauled to the cflllhed. Alternatively the leave^n be dried, 
separated by beating, and compressed into pellets for easy trah^pfcirtation to 
feedlots and dairies. 

Unfortunately J Lit^aena contains an uncommon amino acid, mimosine, 
which produces goiter in cattle when the diet contains more than thirty to 
fifty percent dry weight of Leucama. In single-stomached animals— hors^, 
pigs, rabbits* and human beinp— mimosine causes hair to fall out. In cattle 
the bacteria in the rumen transform the mimosine to 3,4-dihydroxypyridine 
(DHP), which reduce the prc^uction of thyroxine by t|ie animal's thyroid 
gland. This transformation to, DHP in the rumen is so complete that the - 
blood, meat, and milk of the animals are quite free of mimosine. 

In practice, mimosine toxicity can be avoided by interplanting Leucaena 
with a tropical gpass such as' Guinea grass and allowing the animals to feed 
on this mixed pasture. Researchers in Hawaii and Australia have recently 
produced a low-mimosine Leucaena through hybridization with another 
species of the same genus. In cattle fed on a mixed Letmena-grBss pasture, 
annual weight gains of 900 kilograms per hectare have been obtained in 
northern Australia; in dairy cattle an annual production of 5,000 to 6,000 
liters of milk per hectare was obtained. These yields are about twice those 
normajly expected from tropical grass or legume pastures. 
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4 The newly disOTver^ Salvador variety, with its virtual absent of 
\ branchy J thin barkj and |ight ailor, is teliev^ to have miich asmmercial 
\ ^tential as a source of pulp and paper and round-wood pol^ and pc^, 
\and as a medium har^vood for lumlxr and plywood. Ab ^ hiel^ used either 
diTOtly or as charcoal, the wood h^ uncommonly high density ai^ caloric 
value for a fast»|rowing trro. Energy plantauoni uling i^cma CMuld be a 
continuously renewable source of fuelj becau« the stumps readily repuw or 
**dpppice/- ^d thus "defy the woodcutter." ^ 

V Leucamt h^ a deep, aggr^ivc root system that reach^ far below the 
soiri surface for water and nutrients, TTiis enable the plant to withstand 
loni dry seawns and to tolerate a wide array of soil conditions. The root 
\ hairs are usually infected with a beneficial myroirhiza fungus, wh«e vmt 
network of hyphae help to obtain ph^phoniijundjdiftnutrientalrom the 
soil There are also many small lateraTroote near the surface. Th^ develop 
^ abundant small nodules, housing bright pink rhizobium bacteria that "fix" 
atmc^pheric nitrogen by combining it with hydrogen obtained from the 
carbohydrate produced by the plant. Nitrogen compounds and mineral 
nutrienb are transferred to the leav«, which contain about four percent of 
nitrogeii 0.4 percent of phosphorus, and up to four percent of pota^ium 
under gdpd soil and moisture conditions. Foliage with 50^=600 kilograms of 
nitrogen per hectare, 44 kilograms of phc^phorus, and over 200 kilograms of 
potassiuni, as well as caJcium and micronutriente, can be obtained easily. 

Six bags of dried Leucaena leav^ contain the same nitrogen as one bag 
of ammonium sulfate. Thus small farmei^, for whom commercial fertilizers 
may be too expensive or even unobtainable, can grow their own f^filizer. 
The foliage\from a Leucaena grm^^ can be cut and uspJ toJertiHze adjacent 
farm fields ^ br Leucaena can bennterpla^ted in rows between other crops or 
under coconUt trees. The contirt^tf dropping nutrient-ricfi leav^ quickly 
decay and brovide fertilizer for the main ^op. In areas of shifting 
cultivation, where long fallow periods of ten years or more have been 
traditionally osed, the fallow period can be reduced to about two yeare by 
reseeding yNxmLeucamQ after crop plants.have depleted the soil. 

Because ^e nutrients are only slowly released from the decaying 
Leucaena leaves] about sixty percent of the nitrogen is lost by the action of 
denitrifying baqteria, and only about forty percent is eflfective for enhancing 
crop growth. Hence Leucaena is economically useful as a fertilizer mainly in 
areas where lana can be substituted for other resource. For every hectare of 
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culdvatad land provided with a hundred 'kilogranii of nitrogen usable by^ 
crops, an additional half hectare must be allocated to Leucaena, 

The many actual and potential us^ of Leucama, its limitations (it dora 
not grow well in acid soils high in alumina or at elevations above 500 
meters), r^carch needed to expand its usefuln^, and a scientific 
bibliography are given in a recently published repoft, sponsored by AID and 
prepared by a joint study committee of thcr Philippine Council for 
Agriculture and R^urc^ R^arch -and the Adyisory Conunittee on 
Technology Innovation of the Board on Science and Technology for 
International Development. The study committee, co-chaired fcy James L, 
Brewbaker and Joseph C. Madamba, consisted of forty participants from 
seven counwes: Ausmlia, Malawi, Mexico, Singapore, Taiwan, the 
Philippines, and the United States, 
f 

1 

FLORAL TRAVELS 

> » 

Great migrations have occurred in the 400 years since the discovery of the 
New World. Not only human beinp migrated: Many specie of crop plants 
and useful trees, hitherto confineB to OQf hemisphere or the other, spread 
across the world* Out of the sixty-four dom^ticated crop specie wh^e 
geo^aphic origin is known, some twenty-tw^o originated in the New World 
and spread to the old one, and forty successfully rrfade the w^terri voyage 
across the Atlantic. The species native to the Americas that now provide a 
major part of the world's food suppli^ include maize, potato, sweet potato, 
■ cassava, tomato, yam, peanut, sunflower seed, and several s^ci^ of beans. 
Wheat, rice, barley, graphs, soybeans, sorghum, sugarcane, sugar beets, 
bananas, oranges, and apples came from the Old World. I 
* Plants often do better when moved jto new habitats, because their 
diseases, parasitesj and predators can b^ left behind. Monterey pines^ 
almost extinguished by disease in their native California, have produced the 
largest cultivated forests in the world in New Zealand. Because (4 
intractable diseases, theiwild rubber trees of Brazil cannot cultivated 
successfully in their own country, but their cultivated descendants iri 
Southeast Asia forA^^asis of a billion dollar industry. 

The pressing needs of the people of poor rountries, and the grea^ 
advances in agricultural and basic biological sciences of recent years, could 
easily result in another wave of plant migration and an extension of the 
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afeas of Mgh-yielcUng agriculture to vast, previously neglected regions. The 
%vork of the Nation^ R^arcfr Council in identifying *pronusing underex^ 
plated specie and ipreading infonriation about them could make m 
important conttibutipn to thii new enteiprise' 

SUOOESTED READING* ^ 

» 'FtmuQod Qf^s: Busk and Tm Species for finery Pro^man. (in pmpatmtion) 

Gn^uii: An AUmmvi Smrce of Nmrai ^ubb^. 1977, 80 pp. Dwrito a little-known bush 
that grow wild in d«rti of North An^rica and produce a rubber ^ virtually 
identical with that from the rubber tree. Recommends funding for guayule 
development. 

Lmcoifm: Promising Forage amfrree Crop for de Tropics. 1977, 1 18 pp. 

Na^ai Prodmts for Sri Lanka's Future^ 1975. 53 pp. Report of a workihop wiUi^e 
► ' ^^Iwional ScianOT Council of Sri Lanka. Identifl^ negjected and un^nventional 
^ant'^pmducte that can signifi^dy doptribute to Sri Lanka's axinomic develops 
ment. Publiihed by National Science Council of Sri Lanka. 
^ ProducU from Jojoba: A Promising New Crop for Arid Lands., 1975. 30 pp. Dwrib^ the 
chemiitry of the oil ^ obtained from the North Anieri^n d^ert ihrub Simmondsia 
chminsis, . 

Underexploiud Tropical Pianis with Promising Emtomic Value. 1975, 187 pp.'^^rib^ thirty- 
six little^known tropical plants that, with r^earch, could become important cash and 

. food crqj^ in the future. Include cereals, roote and nlbe^, ve^tabl^, fruitSj oilsb^, 
forage plants, and othera. . « 

ne Winged Bean: A High Protein Crop for the Tr^ics. 1975, 43 pp. D^rib^ a neglected 
tropi^l legume from Southeast Asia and Papua New Guinea that app^frs to have 
promise for combatting malnutrition worldwide, 

•With the cx^ption of the report entitlwl Producu from Joj^ A Pmnismg Nmf Cr^fw Arid Lmds, 
th^ reports are available at no chargei iubject to avai^bility. Write to Noel D, Vietajeycrj 
Commi^on on International Relations, 2ldi>Q^titution Avenue, Washington, D,Q ' 

^ , 20418. The jojoba report is available from the National Technical Infonnation Servi^, 

Sprinffield.Va. 22161. - 

/ 
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DEVELOPMENT IN EGYPT 
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^ Praident Anwar Sadat of the Arab Republic of Egypt once remarked that 
^ "more than any other state we have no hope but modem science.'' And 
Egypt is now embarked on an effort to couple science and technology, to the 
needs of the statq; to develop a vigorous program in applied r^arch and 
development to dial with its major problems— in providing more food, in 
reducing the ominous increase in dependence on imports by agricultural 
villages, in combating disease, and in expanding Egypt's relatively meager 
resources. To assist Egypt, the U.S. Agency for International Development 
(aid) has embarked on a three-year program totaling about $9 million, A 
part of that program includes an effort by the NRC, acting through its Board 
oh^ Science and Technology loh International Development of the,. 201 
Commission on International Relations, to assist the Egyptian Academy ^f * 1 
Scientific Research and Technology in its efforts to strengthen and reorient 
Egyptian R&D. j ' 

The immediate difficulty is that there is simply no tradition in Egypt of 
lliajor involvement by its scientific and technological cadre in applied 
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r^arch. Nominally applied r^arch institutions are uaed in good part for 
uniwraty-oriented th^ii r^archj and there is a mismatch between the 
structure and organization ot^ Egypt's scieniiflc institutioni and*g0vem=^ 
Rent's declared needs, tn all, as one evaluatidn phrase^^j while "Egjpt as_ 
a iociety is conimitted to tievelopmtnt, and E^^t has created over the ptoF 
25 yeai^ an impr^ive scientiflc and technolbgical commuhity/' it remaim 
a f&ct "that this community has been uporiwe periphery of iftirprcvailiiig 
^dlevelopment proc^.' *i 

That situation must be view^agaiiMt E^rpt's current conditian: a 
country wth a fore%n debt greater 3mn its annual Gr^ Natipnal Pitjduct, 
a dense and ^wing population, extrmely limited natural r^urc^, and 
an inflation rate offldally given as arioui^irty-three ^rcent annually but 
probably, cloicr to fl%^rrent. The Egyptian population is now about 37 
million people, but with an avy^ge ppwth rate of J,2 to 2.5 percent 
annually it is growing.by 800,0CP to 1 million people each year and will 
_ i reach 70 to 80 million by^ the year 2000, TTie population is extremely 
' concentrate^ with no major citi<M in ^^utheni or upper Egypt and the 
narrow strip of land along the Nite and tfie Delta now jthe most densely 
popylated region in the world. Among signiflcant demogmphic shifts is the 
deterioration of the agricultural economy^ marked by a transition from a 
labor-intensive agriculture able ^to provide relatively ample jote to the 
considerably less-labor-intensive industrial and servite sectors of an urban 
economy. Urbanization is rampant^ the nornlal rfituation with developing 
countri^, and an actual majority tft- the populations of Cairo and 
Alexandria are now first-generation fellahin who have inlmigrated from the 
coun!rydde. These elerhents afflmi the^udgment that "[rJuraL cong^tiouj 
urban crowflfng, unemployment an^ underemployment j deteriomling 
infrastructure and insufflcient social services of increasingly poorer quaTity 
are^only a few of the problems of Eg^t.'-^ ^ 

Such conditions emphasize the urgent need for indigenous science and 
technology, relyrng largely on l^al adaptatwn of fore^ technology^ to 
?B| participate in staunching Egypt's economic decline and in markedly 
improving conditions., The tools for the task are at hand. As already^ 
implied, Egypt has in being ,a considerable scientiflc apparatus phmc 
ostensible if poorly realized role is to apply research to national That 
. point is indeed a constant refrain to three recent studies of Egypt's^roblems 
in applying science and technology^ for national purpose. The first study. I 
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wa| in the form of a wprkshop held in 4975, joirttly by the Egyptian 
, • Academy of Scientific R^arch and Technol^y, tfie U.S. National Science 
Foundationj and the National R^arch CouncilV^ The geoen d was by a ' 
team from the R^^ctr^Triapgle Institute t^t used a survey approach to ^ 
analyze tlw currei^ statu| and pc^ible^ developmental role^of E^ptian 
science and technology.^ The third, somewhat more parochialj study was 
an analysis by a team fftm the J^ational Science Foundatiqn on E^pt's 
needs in scientific instj^men tat icyjf/ 

All three efforts looked generally at the Egyptians' scientific apparatus, 
including the universitieSj of which there are eight major on^; but with 
over ninety percent of the student population concentrated in /three 
^ universities and forty-four percent in Cairo Uni^rsity alone. Hbwevfer, the 
et^n^^h83is in the ^n^t' was on the national instinitions for coordinating, 
funding, and supervising research efforts. These institutions are the already- 
mentioned Academy- for Scientific Research and Technology (asrt), the 
National Research Centre (NEC)/and, in the case of the NSF instrumenta- 
tion stud^ the Stientific Instruments Centre. ^ , 

\ A word about *th^e .institutions. There is np counterpart tp ASRT in the 
Uliited States since it combines the role of the National Science 
^-fibmdation in funding baSic^researchj the role of mission-oriented ^enci^ 
such as the Qfepartment of Energy in the planning and support of 
supposedl)^ ''relevant" research, the policymaking role of the President's 
Office of Scienc^and Technology Policy^ and the advice-giving role of^the 
National Research CounciL 

ASRT is the /official coordinating unit for all governmental efforts in 
science an^* technology and is given grant-making authority to help finance 
R^D programs,. The aca*4emy directly oj^ratesteeveral institute, such a.^ the 
Institute o^^tfsoQ^^ and Geophysics and the Institute for Oceanography 
and Fisheries, as weu&sfpUirteen specialized research councils engaged in 
activities suph as petrole^o/ and mineral r^urces, transport, and the 
environment. 

The National Research Centre*s role is described by its' title. It is 
housed in several buildings* scattere^about Cairo, employs about T, 400 
professionals, and, while administratively it is reponsible to^he pr^ident of 
the academy, in reality it receives funding and direction from several 
ministries. The nrc is akin to one of the national laboratories in the United 
States, but has research programs in widely divergent fields, including 
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-technology transfer, fodd and agriculture, health and environment,' energy, 
and natu^l resources'. ■ \ ■ ^ ^ ' ■ 
^ r The assessments made of^he ASM and the NRfl, by the workshop and 

•by the Research Triangle Institute (RTl) study team, bespeak a common 
problem: Research that is' gijpposedly applied is more often basic, andj 
^ npwevcr the research is categorized, is atmost universally at a considerable 
Cd^ ». remove^ from "governmental priorities and .goals. Thus,' '-Stratgiically 

^ ii^portant national needs of Egypt are, not ^t being met in any significant 

^ ; " vvay by Academy=funded research,''^ Furthqr, /'significant improvement is 
* needed in the national relevance of NRC research.*' * ' ■ 

, ^ course, t^ese problems are hardly unique to ^gypt^ nor news to its 

leaders. The^, issue js remedies, which is much mofe difficult, a practical 
matter, for example, it is very costly to transforni basic into applied research 
. and follow-up development, Thu^, the cost ratio in the United States is 

^ 1 :5:19, or in percentage ratios of four, twertty, and seventy-six percent. The 

financial demands therefore increase fivefold once a decision is made Jo 
proceed beyond laboratory research, A less palpable, but possibly even 
niore difficult, problem is that of scientific ensure and tradition: the cues by 
which > a' scientist assesses his ^standing and attains promotions, itenure, 
higher pay, and prestige. Finally, the emphasis on applied research is 
^ difficult for many research scientists ih fathom, because they have trained 

within a milieu of basic science, been inculcated with" a strong belief in the 
worth of basic" research per se, and, more practically, because their 
* livelihrtods are dependent upon papers published rather than projects 

completed. 

It should again be remembered that, the problem is hardly unique to 
, Egypt, As two analysts of the role of scien|||sts in development put it, the 

* problem is that / . 

*i ^ 

[tjhere is no tradition of purposeful researchj mainly because there are no external 
users around to convey their needs and wants to the scientists, and there is no 
t>ll l established culture of such links between the academic and the practicaL Thus the 

^ doctrine of academic freedom, according to which every professor should be quite 

at liberty to work at any scientific topic that pleases his fancy, is carried to an 
extreme. . 

k ' 

' ^ Aside from transforming the cultural cues that motivate scientists, the 

reorienting of Egyptian science and technology must also seek to avoid the 
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easy solutions, such as the wholesale adoption foreign technologies, which 
may onm fifst-order basis appear to be suitable but turn out to be intolerant 
or maladaptive to local conditons^ I bjercfore, ^ 



[^] articular St re^ must be laid on the adaption of science and technique to meet 
^ local needs -[authors' emphl^is]. New r^earch, basic and applied^ may have to he 
perfonTied locally or regionally before the major problems faced by a given country 
on ^ccourii df its particular geographical lcx:ation or s^ial history can be dealt 
' with. Rice oultivation in Southeast Asia, ^1 desklinajton in Pakistan, ranching in 
East Africa, deep-sea fishing in Peru are example of important An^am activities ^ 
which cannot be understood and Tmproved merely by the applicafion b( general 
biological and ecological principles taken from the international scientific 
literature,^ / ' ^ , 

'Irnplicit 'm thejast statement is that applied research, purposeful and 
committed to certain goals, must be nurtured by first-class basic research. 
That principle is clearly recognised by the Egyptians, and the universities 
are intended to remain as centers of fundamenfel research, with^the 
. national institutiofis, such as the Natianal Research Centre, increasingly 
tiirqing their research towarci the needs of the s^te. 

fO ftgMa rsct good applied, research does cK-cur in Egypt, but overall it 
tends to be tha exception. For example, the Egyptian Petroleum Research 
Institute, originally a part of the university-oriented National Research 
Centre, has been independent since 1971, Its research acid development / 
program, rather than being academically oriented, is now entirely applied, 
interacts strongly with industry, is adapting foreign technologies to 
Egyptian problems, and, as^ the surest signs of its success, has licensed 
Eg}ptan technolog>' to foreign users. Other specific successes in applied 
research include the pilot plant production of pulp and paper from sugar 
plant bagasse and the introduction of highly innovative machinery into the 
textile industry. , ' 

The rme of the overall program funded by AID in which the National 
Research Council is participating is to assist the EgypUan scientific and 
technological research community in reorienting its research toward ^^'^ 
^ institutional capability in the management of R&D. NRC, through its Board 
onrScience and lechnology for International Development, will assistjri 
three ways: 

• Policy planning and management functions of the Academy of 
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Scientific Research and Tcchnolo^, including establishing a high^lpvel 
U.S,-Egyptian Joint Cdnsuhative Committee. Technical assistance in the 
nnanagement of R&D projects by the asrt, with the principal vehicle here 
^ being a* resident U.S, advisor to the president bf the academy. The advisor 

would assist in program conceptualization, assist U.S, consultants when they 
are in Egypt, help E^^ptians evaluate R&D progress, and serve as the 
principal American link to the Joint Consultative Committee. 

• 1 echnical assistance for management of R&D projects with the / 
... National Research Centre, which involves the appointment of a second 
resident advisor to the^Director of the National Research Center. A major 
4 pilot study would be started, during the advisor's tenure on a multidisciplin- 

^ry study of nutrition, food production, and food technology in a specific 
rural location. ' 
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A majpr shift occurred after the mid=1960's in the role of the scientiftc 
community in providing advice Qn the management of the nation's natural 
resources. Discoveries of the growing environmental impact of mdustnal 
and agricultural technologies, particularly in the production and use of 
toxic compounds, c6upled to public recognition of the likely impacts of 
impending resource shortages, Jed to significant new demands by public 
agencies upon scientists. 

The consequences of mafi-made alterations in natural systenns received 
more attention (see Robert M. White, ^'C4imate ^nd Public PoHcy " in this 
volume). Efforts were made to estinmte the limits of physical and biological 
resources. Recognition^ of the magnitude of man's intervention in the 
environment in turn stimulated questions as to the character of the afiecpd 
air, soil, and water systems. The value of various remedies was questi9ned. 
There was widespread disenchautment with the effectiveness of ^rge 
projects to develop resources; for example, the massive water storage 



Gilbert White is Chairman of the tUimmi^ion on Natural R^urc^ and Director of the 
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projects and nuclear power plants that had captured the public imagina- 
tion in the preceding two decades. Concern led to regulation and caution, 
and, by the late 197(rs, to a rethinking of what was known about 
environmental processes and about the actual results of efforts to protect 
them. For example, enthusiasm for regulation of toxic substances was 
^ tempered by questions as to the scientific grounds for setting standards and 

forjudging the bcial feasibility of control options. 

There was tandem a new ordering of public values with respect to 
the protection of water and air quality in the past decade. This was 
accompanied by major revision both in the fornris of federal organizations 
dealing with threats to the environment and in the management of natural 
resources. Whereas in the early 1960's the emphasis in research on natural 
resources was on ways to ease the development of resources^^of land, water, 
and minerals, the attention shifted increasingly to the impacts of human 
mterventions, the probjcm of managing residual wast^ from industry and 
agriculture, and to endangered sections of the continent and its oceanic 
shelves. The establishment in 1970 of the Environmental Protection Agency 
and the Council on Environmental Quality marked the outcome of 
congressional efforts to give coherence to a variety of resource regulations 
and to establish a national posture for managing the environment. 



IHRFE TYPES OF ADVICh 

The Commission on Natural Resources can provide three typ^ of advice 
from the scientific community in these circumstances: (1) it can design and 
maintain baseline assessments of information on resource quality and use; 
(2) It can appraise the state of knowledge for bo-th general and specific 
problems, including emergency requetsts for advice on controversial projects 
or policies; and (3) it can explore basic concepts or frameworks of study 
withm which new research may be fostered^Circumstances sometimes force 
^ a blending of these types; and, whatever the nature of the advice^ the 
appraisal of a current problem is inevitably and properly accompanied by 
an appeal for research to ease the next such exercise. 

rhe more influential studies generally 'deal with issues that will be 
confponted within five to twenty-five years. Few major turnarounds occur in 
less time, and in the field of natural resources policies rarely survive a 
longer period in the face of expanding knowledge and changing social 
values. e 
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A special eontribution of the scientific community to environmental 
policymaking is the maintenance of a baseline of information aod methods 
on which to ground new studies and appraisals of special probdems. An 
example is in the chemistry and technolog^^ of coal utilization and 
production. The chemistry of co^l and its uses is fundamental to 
improvements in coal processing and in coping with the effects of various 
processes upon effluents. The earlier classic piece of information about the 
chemistry of coal, first produced in 1945, and revised in 1963, ^ currently is 
under revision by the Board on Mineral and Energy ResoiJrces of the 
'^Commission on Natural Resources and will provide a solid groundwork 
against which new policy decisions and research proposals may be 
examined. 

Another example Is provided by the methods for the scientific and 
technical assessment of environmental pollutants/^ Appreciation of the 
extent and nature of the effects of pollutants upon human health and upcpn 
other elements in aquatic and terrestrial ecosystems has come piecemeal 
and involves findings from a wide variety of technical fields. As an example, 
understanding of the environmental influence of a substance, such as that of 
mercury as it is transformed to methyl mercury, requires a complex 
analysis, one that means givihg precision and definition to the natural 
background levels, origins, routes, sinks, and final efi^ects of the pollutant as 
it moves through the environmental media. A mass balance approach is 
usually employed in such an analysis, and there is explicit discussion of the 
feasibility of controlling the pollutant and of the costs and benefits from 
various degrees of regulation. 

It is hardly the function of the National Research Council to 
undertake complete studies of each of the hundreds of signiflcant 
pollutants; but it is appropriate for scientists who operate independent of 
regulatory agencies to indicate the ways in which scientific and technical 
assessments may be made and to illustrate this with specific substances. The -1 1 

current work of the commission's Committee on Scientific and Technical 
Assessment of Environmental Pollutants centers on four substances: 
mercury compounds, hexachlorocyclopentadiene (Kepone/Mirex), halo= 
genated hydrocarbons, and nitrates. These are representative of the great 
spectrum of compounds being poured into the environment at an increasing 
rate and volume. The findings and methods suggejsted for these selected 
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studies may be expected to be revised as new advances take place, but in the 
meantime they can proviclefl base for studies of other substances. 

Pesticide decision making is the topic of another methodological study 
by the commission upon wf^ich a broad jirray of scientific work may be 
based. The commission's Environmental Studies Board is now developing' 
an explicit analysis''o{.pesticideSjsubject to reregistration, with the emphasis 
upon demonstrating methodology that would be broadly applicable. What 
is unique about this exercise is that it is being done in close collalxDration 
with the scientists in the government agency who will probably be ^ 
responsible for more extensive work of this kind in the^uture. Essentially, 
an explicit analysis means an efibrt to specify and rllustrate means of 
estimating the relative strengths and weaknesses of available control 
options, the benefit.^ and costs of each optiofi, and the lensitivity of the 
choices to various assumptions as to results. 

The question of w^t constitutes suitable nutrition for animals is a 
perennial problem calling upon all of the sciences that contribute to 
understanding animal health. To provide a continuing and periodically 
revised appraisal of what is known about the constituents ornutrients that 
affect animal health and the interrelationships of animal nutrition with the 
agricultural enterprise, the Board on Agriculture and Renewable Re= 
sources, through its Committee on Animal Nutrition, ^riodically publishes 
reviews of nutrition for particular animals; the latest such pubhcations 
include reviews of the nutritional needs of rabbits, poultry, and dairy 
cattle.*^ 

PROBLEM APPRAISALS ^ \ ' ' 

The second class of scientific advice lies in reviewing- our knowledge 
concerning problems that command attention at the policy level, but where 
there is ambiguity or controversy as to the status of that knowledge and its 
policy irh plications. In these cases, the public agency that is faced with the 
need to make administrative or quasi-judicial decisions often finds it 21M 
advahfageD^s to rely on the carefully sifted and weighed opinion of an 
external group of scientists who are chosen for the balance of their 
experience und views and who can express their opinions without regard to 
political or administrative consequences. 

An example ^of this function is the recent investigation of gas 
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production opportunities in gas and ^troleum fields under federal lease m 
the Gulf of Mexico outer continental shelf.'* Those studies examined the 
technical, economic^ and legal factors in increasing production over a one- 
to five-year period, and also sought to identify promising areas. Geological, 
geophysical, and engineering data were examined for selected fields, and 
individual field assessments were made. The studies were remarkable in 
that they used the full body of technical evidence availaMe from the 
producing companies as wefhas from the U,S, Geological Survey and that 
they produced a substantial consensus as to ho^ much gas might be 
extracted at what costs and ultimate recovery rate^. 

A diff^erent appraisal done by the Environmental Studies Board 
involved an evaluation of the extensive Environmental Studio Program, 
operating at a level of about S40 million a year, carried out by the Bureau 
of Land Managertient on the outer continental shelf.^ In this-^ case the 
question raised by the Department of the Interior related to the scientific 
character of a particular program, whose purpose was to provide a ba^is for v 
determining likely impacts of offshore oil and gas exploration and 
production upon the environment of the outer corttinental shelf. The study 
committee concluded tliat the activHies of the program were not likely to 
provide the kind of information that the Department of the Interior should 
have in making leasing decisions, and that a reorientation of the soientific 
approach and method would better serve the public interest,^' 

A current investigation of polychlorinated biphenyls (pcb's) in the 
environment illustrates how a review of a salient question may illuminate 
broader issues. Although much remains to be learned about some of the 
toxic eflects of polychlorinated biphenyls on ecosystems and on human 
health, measures are being taken under the 1976 Toxic Substances Control 
Act to eventually prohibit furth^T dissemination of PCB's, The urgent 
questions now are how long do they persist in the environment^ given 
v^arious media of water and soil and organ isms, and what are practicable ' 
ways to cope wath them over a long period? The underlying significance is 
LM4 the extent to which, taking into account the experience with PCB's during 

the past dc'cade, it is now^ possible to suggest methods to identify and test for 
other such persistent and toxic chemicals before they reach serious 
proportions. Also significant is the evaluation of various ways to reduce the 
long-term impact of ubiquitous and persistent toxic chemicals in the 
environment by removal or accelerated degradation, (The article following 
this one further describes the study on PCB's.) 
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Sometimes the veryt way a study is done illuminates^ an existing 
problem. A request to the nrc to very quickly appraise the state of 
knowledge concern ftig a particular problem may simply reveal how little ' 
we actually know because the requisite research has rtot been done. An 
example is the request that came from the President's Office of Science and 
Technology Policy in August 1977 for an appraisal of t hie" likely ecological 
effects of a sea-level canal in Panama, This problem had teen reviewed in y 
^1970;^ seven year^ later the immediate issue was whether or not new 
scientific evidence changed in any way the findings from the earlier study. 
In approximately six weeks, a special committee of the. Environmental 
Studies Board presented a J^ter report on the subject. One of the 
discouragi^ig findings was recognition that since the 1970 examination 
remarkably little research had been started to help settle the questions 
raised in 1970 and asked again in 1977/^ 

When these hurried and rapid=fire appraisals are undertaken there 
always is anxiety about whether or not the allocated time is suited to the 
type of judgment that is required. Scientists who partippate are obliged to 
put in large amounts of time over a few weeks or months and to lay aside 
other concerns during that period. This runs tfie risk of an incomplete 
canvass of the literature or of insufficient probing of troublesome aspects of 
the problem. It has the advantage, however, of forcing intense consideration 
of the topic; and, since the effort does nut attempt to develop new research 
findings, it may yield relatively high-quality results. 

CONCEPT EVAIIJATI 

The third type of advice from the science ^ community on resource 
management and environmental matters has to do with the exploration and 
elucidation of new conceptual schemes and definitions of problems that 
may then influence the approach by public agencies to policy matters or the 
.deployment of their resources for research and investigation. The 1962 
report of the C'ornmittex" on Natural Resourccis of the National Researcl^ 
C 'ou n c i 1 was p resc i e n t in t h i s r ega rd . It t oo k accou n t of the wide co ncer n m 
that time with the need for more efiective management of water resources. 
Many of its suggestions are relevant to the current controversy on waner 
policy, and the report also traced out new lines of incjuiry^ which became 
dominant in the midT970\s. The 1962 report did not attempt to arrive at 
consensus on all aspects of the resource and environmental scene. Rather, it 
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presented a few general findings and suggestions, and allowed individual 

' niembe^_to state their views about issues that deserved more concerted 
* 

^ attention from the ^r^earch community and from government agencies 
providing financial support. For example, the, report by M, King Hubbert 
on energy stated explicitly and forcefully the solid but then controversial 
body of evidence with^ respect to the prospect for exhausdon^of North 
i^merican resources of oil and petroleum, i° estimating the late lj60:s.for 
the pr^able peaking of petroleum production. At the time, the argument 
was disputed in some quarters and ignored in most, but it pointed the way 
to what is now a wifcly accepted view of the prospects for domestic oil and 
^ gas^ production. Similarly, the report identified problems due to the 
influence of mounting pollution loads upor\ environmental quality and 
helped support furtherJnvestigations of waste disposal technol^^ and 'the 
concept of residual management. It also outlined the general characteristic 
of systems analysis as applied to natural resources management. 

Investigations of this sort, which cultivate new perspectives and outline 
new routes for investigation of environmental issues, probably are the most 
significant in influencing the course of public action. However, they are 
difficult to organize, call for uncommon imagination, and often fail to 
attract funding. ' 

Current examples of such investigations include the study to examine 
procedures and generate concepts for improving the estimation of uranium 
resources, and to identify ways to shorten the time span for uranium 
exploration, development, and prc^luction. These call for a combination* of 
geological, geophysical, engineerings health, and economic considerations 
in defining what is a uranium resource and the conditions by which it may 
be identified, ^ , 

Another inquiry deals with the redistribution of accessory elements ^ 
and compounds in the physical environment, which might result from 
potential mining of coal, shale, iron J and other ores on a large scale. By 
shifting the focus away front the mining enterprise itself, a set of issues is 
2 in raised that suggests reorganization of the more traditional approaches. The 
study will define areas of needed improvement in data, try to estimate what 
the long-term trends may be, and provide an alert as to possible problems 
due to environmental loading. 

One of the more intractable aspects of resource management at present ' 
is land use planning and nianagement. Hindered by public suspicion and 
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oppositiorij and honored more in theory than in praictice^ it ^^still 
fundamental to maintenance of the national resource base. Withdut 
effective choices as to land use, many facets of environmental quality, such^ 
as air and water pollution^ cannot be constructively managed in the long 
run. In the absence of effective means of making land use choices so as to ^ ^ 
assure consideration of the full fange of alternatives for private and gpfalic^^^ - 
use, regulatory action may seem the only corrective to continued 
degradation. So long as public policy and research shy away from to^s for 
land management^ heavy investment tn corrective woidcs, as in the case of 
rtood control projects, may be expegted to dominate the natural resourcqs 
scene. These arguments are neither new npr unsupported, yet they fail to 
command support, and with the exception of a few inquiries, such as the 
r^iew of opportuniti^ for development of urban waterfronts, land 
managemint remains neglected in NRC activities. ^ ^ 

The recent analysis by the Board on /Igri culture and Renewable 
Resources of the opportunities and obstacles to achieving a national 
aquaculture asked what accounted for the very slow rate of development oi 
aquaculture as a means of contributing to the nutrition, particularly" of 
proteins, of the American people,*^ The study's realistic a^easment pf 
prospects for mcreased food^ supply from aquaculture showed severe ^ 
limitations imposed by physical, genetic, technical, and economic condi- 
tions. It also suggested possible new approaches, including re^search and 
development initiatives, which, with the stimulat^n of a lead goverrtment 
agency, might bear larger fruit in the future, 



SHORT-TERM AND LONG-TERM NEEE^S 

The tendency has been for public agencies dealing with natural resources to 
turn to the scientific community for support in the second type of advice— 
problem appraisals. The bulk of the funds and the administrative concerns 
are allocated to examin*itions of the state of knowledge for specified *. 
problems. It is here, of course, that controversy or dissatisfaction with the 2J7 
interprelatidn of scientific findings is most likely to arise among special - 
interest groups and it is here that pressmg issues of public action frequently 
seem to justify large outlays. 

Usually the pressure of some kind of legislative or administrative ^ 
deadhne forces the hasty completion of the study. In accepting such 
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assignments, be^it for six weeks or six mon^s or sixteen months^^he NRC 
must decide vvhether*or not it can provicft sound evidence and judgment 
within the constraints of time and money. When the results provide 
relatively flrm grouads for decision ^ all parties concerned may find little 
ground for'regret. When the finding is that until more data' are collected or 
V more effective research is completed and the an.^wer remains in doubt, there 

. 6ften is^^ dissatisfaction. Tj|le prospect for the future is that the latter type of 

findings will dominate. ' . * \ 

It is not easy to obtain furidsjor the baseH^ investigation; baseline 
work \^ less dramatic than the^ap^aisal of current problems and is not 
likejy to develop new concepts and^oints of view/ Yet such investigations 
^ , have significance for later definition of palicy issues. In the long run^.the 
most influential of the three fypes of studies inv5lves exploration of new 
approaches and concepts; but k is this basic, deliberative, and risky exercise 
that dft€|i is least able to command public support. The risk in part is that 
such studies may lead only to a pedestrian recital of further research needs 
-_jn_the fieldj inviting the criticism that the rdsultlare self-serving lists of riew 
directions for study^ tjiat do not have direct application to policy decisions. 
To the extent that scientists emphasize those researich oppqrtuniti^ that 
they judge to be immediately prortiising and practicable, these criticisms 
may appear to be warranted. But it Js more likely that^ for lack of such 
exploratory efforts by scientists who are one sfep removed from administra- 
tion, the number and urgency of problems reqiJrihg eniergency action will 
expand^ The need for e^loratory efforts^is^^articularly critic3.1 as science 
■ - ^generates new understandings of es^^^ffonhie^ial systems. TirftBig is^also 
crucial; Research may have little inouence if it moves out too far jff^ont of 
the administrative, regulatory, and s^porting reseaSh effiays orMie federal 
agencies; but, converselyj if such fesealch is n^lected^ current environmen- 
tal and resource difficulties may worsen. 
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«^POLYCHLORINATED BIPHENYLS IN THE 
ENVIRONMENT 



The Committee for an i^se^ment of Polychlorinated Biphenyls in the 
Environment of the Cbmmi^oh on Natuml R^oiir^^ will s^k to idaitify 
the generic problems a^ociat^ with pei^istent compounds, such m 
polychlorinated biphenyls (pcb's), that are widely used ai^ di^ei%d in tl^ 
environment. Tlie study is funded by the U.S. Environmental ft^tection 
Agency's (epa) Office of Reearch and Development. 

PCB's were ch^en for study because of the complex i^ues raised by 
their regulation and tfte range of alternative for their conQ'oL Th^e issu^ 
enrampasi^many of the problems pr^nt^ by other chemicals that are 
both persistent and wid^pread: the chlorinated p^ticid^ Kepone, ddTj 
aldrin/dieldrin, Heptachlo^/Chlordane, and others. 

For example, the control options to be comiddred by the committee 
include the prevention of further release of PCB's to the environmcntj 
enhanced mi^obial or photochemical degmdationp and removal by 
drrtging, by harv^ting of biota that ron^ntrate PCB's, and by indheration " 



of PCB^mnWaninBt^ wait^. Many of th^e rantrol meaiura may be 
appl^fa^ to other^^p^^tent poUutante; thua^ the l»on laam^ from the 
optioQi^^v^^^ie far the deanu^of pcb's from the Hudsot^ River, esp^ally 
any an^yi^ of the meri^ of dr^^ing the ri\^r'§ tedimente, should be useful 
foF evmluafliig amiable optio^, for. cleaning up I^pone' ^iiLt^^^hi^^ 

PCB*s were fliit synthrazed late m nineteenth century , but they 

not commerci^y produrad until fd29. Commerdal mixture of pct's, 
or fc^n|ulations containing^ch nuxtor^, have been used indusdially aui 
; Moling liquids, dielecdic fluicb, heat transfer ^ente, and for other 
alectrical appliutions; itb^ also have b^n used in painti, adh^y:^,<i' 
rubber, ^rttun synthetic Mnm, iiAs, cutting oils, and pattern Many ' 

of these uses now have been abandon^. 

However, the doniinant use of PCB's is in transfonneii and capacitors^ 
and it is the ubiquity of these device that ac^^i^ for the eitteMive 
pr^n^ of PCB*s in bo& light and heavy iAdustrial aquipment and in many 
household appliance. ,^ . 

The properties 'of PCi's that m^t us^ exploit are their smbility to 
extreme of heat and light, their nonflammability, and their effld^cy in 
trahsf erring hrat. The problem with PCB^s is that they can also move 
throughout the environment and accumulate in fat tiwue of humaip and 
animals. ' , 

PCB's were first recognize as an environmental contaminant in 1966 
during studio on the accumulation of DDT in food chains. Sample of fat 
tissue from both humans and wildlife contained not only DDT and its 
metabolite DDE, but also unidentified yet pei^istent materials. These turned 
out to be PCB's. In 1968, after additional evidence showed^that PCB's ^cre 
widely llistributed in birds and fiih, a poisoning incident i^lapan raised the 
specter of a wid^pread human health hazard. Rice oil usra in raotdng was 
contaminated during manufacture by PCB's from a faulty heat-exchange 
unit. The victims suffer^, in addition to headache and nausea, from a 
variety of severe symptoms ranging frjpm skin teions to eye problenis; the 
|x>isoning was serious enough to be a factor in the death of at le^ 29 of the 
1 ,300 victims of the " Yusho" (rice-oil) disease. In addition to tfiese acute 
health effects of PCB's, recent evidence indicate that carcino^nicity, 
tefatogenicity, and suppr^ion of the body's immmune system are also 
health effects of pcb*s. 
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^ ^ , >Tlic Iwdi of PCB contamination itf^ 

the levels to which people are generally exj^sed; but||he incUent did 
/^demonstrate that PCB's ^^e^ a risk to huniati health/ accumulate in 
/ the food chaini and many fish are partici^arly prone to concentrate them. 

People who consume contaminated flih regularly may accumulate PCB"i. 
^{ - r . FCB's ay^are dimctly htfardoui to flsb, ^Ms^ ^Pd pther wildlifei for these 

- chemic^ cm interfere with i^pn^uctibm/I^ huarda aMociated with 
" * pCb*s are further compounded by the flnding that the^, enhance the toxicity 
1 ; ^ f :qf o^ain other environmental poHutahtSi such as DDT and diel^p^ 

V . The health and ecolopcal effects of pcb's as a commercial mixture 
. jiiwbeen studied extensivelyj but the toxicity of indfHdual isdmeri 1^ so* 
r Since chlorination of biphenyl to fomi PCB*i can produw 210 diflrerent^ 
isomefSj of which about 100 are found in conunercial mixtur^, d^nnining 
the toxicity of individual componente is ^tremely difficult, turther, 
polychlprinated dibenzofuranSj which are Contaminants of some PCB^ 
mixture and also p^ible degradation products of light, bacteria, or 
extreme heat, may be r^ponsible for some and perhaps most of the health 
effects associated with PCB exp^ure, , 

^ Much has already teen done tO coittrol PCB*s^ — ^by voluntary action on 
the part of the' industriki manufacturers Monsanto Industrial Chemicals . 
Corporation, and by regulator action in the United States at the federal 
and state levels. In addition ^ many other countries now regulate PCB's. In 
the United States, for example, MonsantOj as early as 1971, r^tricted sal^ 
of PCB*s for use in cl^ed electrical systems. In 1972 and 1973, the Food and_ 
„ \ ' Drug Administration reduced the levels of PCB's allowed in foods and 

eliminated the Use of paper fo^ wrappings impregnated with them^The 
Toxic Substances Control Act, which became law in 1976 and is one .of the 
few example of direct congre^ional regulation of an individual sut^tance 
of a commercial mixture, requires the administrator of EPA to promulgate 
rules for the disposal and labeling of products containing PCB*s. The act 
restricts PCB use to totally enclosed systems and bans the manufacture df 
222 PCB*s two years after the act's pas%ge and their proce^ing or distribution 
after two and one-half years. However, exemptions are ^Msible. 

. To date, regulations required under the Toxic Su^tanc^ Control Act 
on disposal methods and marking of all items containing PCB's have been 
proposed; and regulations limiting the discharge by certain industri^ of- 
effluents that contain PCB's have been i^ued in final form by epa under the 
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authority of the Tederal Water Pollution Control Act. Th^ repilatfcin^ 
prohibit direct di&hargc^ )PCB'» by the manufacturers of the chemicals 
and greatly limit discharge by manufacturei^ of electrical ^uipment 
containing jhem. ^ ^ / . : ^ . . 



CONTINUING PROBLEMS . 

Other regulations by EPA for linuting air emi^ions of PCB's and specifying 
their recove^ from tolid waat^ po^ibly will developed by EPA. 
However, befc%use of the ^rsistence of PCB's in nature,' problems will still 
exist even if all planned regulations^ are published and enforced, These 
problems are the focus of thie iffiG study. 

Approximately 1.25 bilHon pounds of PCB's have been produced and 
used in the United Stat^. Only a very small proportion, ^timated to be 55 
million pounds (4.4 pfcrcerit), h^ been d^troyed^ cither by , h^h 
temperature incineration or by slow microbial or photochemical degrada- 
tion in the environment. Some 750 million pounds (60 percent) of the PCB's 
manufactured are contained in various piec« of equipment still in use 
today. Possibly, this amount of PCB's can be effectively dispmed of; but it is 
more likely that the PgB's contained in a large number ohsmalkpiec^ of 
equipment used in hom^ and industry will eventually reach the 
environment, adding to the estimated 440 million pounds already there. Of 
that 440 million pounds, an ^timated 290 million pounds are in landfills 
from where, they may in time be dispersed throughout the environment. 
The remaining 150 million pounds are in the air^ water, soil, and sedijnents. 

With the Hudson River closed to fishing tecause of PCB's, and fishing 
in the Great Lakes and other bodies of water threatened by PCB 
contamination, the NRC committee will look carefully at the alternatives for 
controlling further release of PCb's, for accelerating their degradation, and 
for removing and destroying them. The three primary objectives of the 
study are: 

\, To develop a model of the transport and fate of PCB's in the 
environment. This will permit a determination of the length of time and 
levels at which PCB's are expected to remain in the environment The model 
will also used to identify stages in the movement of PCB's where 
regulatory intervention would be appropriate, ' - 
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2* To r^commc^d mum of quantifying the persiiteiice of a sibstuoa 
in the environment, ^ppro^ate t^ti for parsistence, and, if pcmble^ tmm 
/'^^,>f. that might have idj^tifled the "hazards PCB's at ^ early stage and 
therefore i^ght identify other such substan^ before they are wi^fy ui^. 
3* To determine through rast-beneflt analysis the en^ronm^iM and 
. ^ tod^ m^anti^s ai^, dkad^^^g;^ ^ op^om fcf ^o^^(i^i]^.lucA^ 
rel^se of PCB's, for r^oving them from the envirbnment^ and for 
a^leimting their degimdation; and then to determine the mm and benefit 
of ^e^ opdons. . ^ , 

In the analyms of cc^ti and beneflte, an effort will be n^de to be as 
quantitative as pmcticable within the limitations of time^ funA, and the 
uncertainties^ of the underlying data and a^umptions. For cas^ in which 
costs and beneflts are not quantiflable in a m^nin^ul way, qualitative 
d^crip^ons vdll be u^d. . . 

This study , should indicate whether further regulatory actiow^are 
nectary to alleviate the m^t hazardous exposures of PCB's'^^and to sugg^t 
avenue of r^arch likely to provide indght into the most vexing problems. 
Thrie r^lti, including' an analysis of control methods now en^oy^,- 
should provide a framework for dealing with other persistent poUutanty 

NATHAN KARCH 

The GoBMnitt^ for an Pmmmieni of Polychlorinat^ Biph^yli in the 
Environment, ^nuniMioii on Natural Reioun^. Gkumittee Chairman, 
Alfred B^ton of the Univeraty of Michi^n; Staff Officers Suellen 
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The purple of the National R^arch Council is to carry out analyse and 
make recommendations that relate to the use of scientiftc techniwl 
knowladge to hirther'the public inter^t. The particular tni^ion of the 
. Comml^ion on Sqciotechnical Systems (CSS) is to deal with a certain jubset 
of sbdiotechnfcil delivtry system?, Thesa are generally related to the basic ^ 
'infrastructure" of an industrial society and ii^volve inte^^^ with both a 
veiy btoad public ahd^a variety of ^ial and economic institutiohs. The 
2U*ear emphasized by CSS stem partly from the historical evolution of the 
NRC and its various subunits, and therefore it is pot p^ible to explain or 
justify the CSS programs on the basis of ar\ a pmn deduction fromm general , 
mission statement. 

The principal common threads are contained in the words "sociotech- 
nical" and "public interest/' Of these the second is the hard^t to define. 
This is because the **public-' is actually a congeri^ o^ often conflicting 
interests and highly pluralistic values. There is no simple prescription for 
aggregating the interests of individuals or small groups into a net,,sum 
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deflned as the "public interat." Even within a group, or wthin the mind of 
a dsgle ^dividuld, goals are valued that may be partially or wholly 
. incompatible with «ch other; one goal cai| only be maximized at^me 

ex^nse to another, equally valued goal. As society has te^xne moi^ 
interfependent, the conflict among simultaneously drarrf^^^ %m tended 
to mss^m. Sy^aoic effcctf of a^nntly isolated dc^m^ e^^d more 
and mor^widely in both time and space. Decisions made today, which are 
universally re^ed as "a step in the right direction,** may have 
f unintended and und^rable consequence twenty y^us hena. Society*s 
expectations ' from its s^iotechnical delivery systems have cons^dy 
ecalated, mnd we have become more and more di^dsfied with their 
performance. \j ♦ 

As pointed out in the accompanying essa^ by W. L. Oarrison, public 
senaw that used to be regarded m options to be purchased by those that 
wanted to and could afford to pay for them are now claimed as a right 
available to eveiy citizen on an equal basis. We expect our social delivery 
systems.^tQ^ smisfy the peak demands that are placed on them, ahn^t 
irrep^dve of rost; yet we are coming to realize that meeting such demands 
means increasing the c«t to everybody. For example, new hbuscholds; 
_ which increase the total demand for electricity, now increase Ae pride of 
electricity for feverybody, %\nm the «pital c^ of new power plants exceeds 
that of older ones, unlike the situation during the 1950's and 1960-$. Yet a 
sense of justice forbids us to charge a new household more for eleqtricity 
than one formed a decade ago; why sliould a family be penaliz<^ jTust 
because it is young? But, then, why should everybody be r^uired to share^ 
the costs imposed by new entrants into the system? 

In the past we relied on the market to iron out these problen^, and it is 
still probably the b«t mechanism we have. But the market iteelf depends 
upon the particular ground rul^ that govern it; a truly free market without 
^ rules do^ not exist. Government, or some other collective form, must be the 
referee of the game, one in which the players seem increasingly dispel to 
call on the referee to change the rul^. 

But who is ^'government?" In answering this qu^tion we come 
immediately to , the question of "participation/' Who is it that should 
participate in the determination of the ground rute under which the 
market operate? What is the proc^ by which governmental decisions can 
•be seen to be **fair'' and thus legitimized in the ey^ of the publiqthat has to 
live with them? This issue has teen treated in one particular domain in a 
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itudy byt Ae rommimon'i Maritime Transportation R^earch Board on the 
impalSjSSnaritimefacUiti^on lo^ populatio^^^ * " ^, 

We &^ all th^ thcmrf emergirrg and intertwining in the various 
activiti^ of the C^r lie subject of transportation fo^ 
example, has emerg^ as a major public poli^ i^e, because ac^^ to 
puUic ttunilt is now ^n as a "right" Aat dbould be claiinable by air 
citizms. Even il the claims of particular dis^vantag^ groups impose lai^ - 
newdcs^ on the system, it is the r^ponsibility of sroiety as a u^hole to meet 
tlrofe costs. ; . ^ " } 

Rapid technological changia^ produce beneflte to some poi^ and c^te 
to others. The costs are often unfor^ecn, and ^ciety has developed lew 
means of ccnnpemating for them. Many innovatfons are clearly in the 
inter^ts of society as a whole, since they4ncrease its aggregate productivity 
and thus increase the aggregalte of goods and service available for 
distribution to all. Yet th^ innovations are often blocked or retarded 
because of their adverse impact on particular p*ou^ and the a^nce of any ' 
means for society to compensate thte who are adver^ly aflteted* Thus, the 
edits of ittnovation are borne imequally vnthin society, while the benefit 
are widely shared^ but not tilted toward any one group. Those who are 
adversely affected can now register their distre^ to an increasing d^ee> 
thrtiugh the political proce^; in the past ihey have often simply been 
forgotten. The i^ue of wid^pread tenefits and unequal c«ts s^ms to arise 
" with partiailar force in the maritime industiys and it is a theme underlying 
several studi^of the Maritime Trans^rtation Resrarch Board. 

A much more subtle manifestation of the same efTect relate to the ^ 
development of contingency plans for mitigating the pmsible interruption 
of supplies of key raw materials. In the absence of government intenrentionj 
the costs of preparing for po^ibly remote political contingencie must be 
borne by private suppliers; yet, paradoxically^ the likelihood of any one 
contingency is usually too small to warrant investment in an activity that is 
uneconomic except if supply is actually interrupted. 

In what fojlows, I describe a selection of projects in the various units of 229 
CSS illustrating some of these themes, 

BUILDING RESEARCH ADVISORY BOARD 

The Federal 'Construction Council (FCC) has its twenty^flfth anniversary 
.^ihis year. It is a unique agency of the National Research Council in that it 
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is comp^ed primarily of individuals from federal ^enci^ and wms in fact 
created m^ a neutral mechanimi to bring together the various f^eml 
agen^i^ that ai^ r^poMiblc for the instruction of f^eral fadlitiei in 
order to raehange infomiation and work for the solution, of rammon 
probleim. Under polici^ established independently by Building 
Rmarch Ad%dsory Bc^rd (brab), the c»i^cil promote the inteitiumge of 
construction-related knowledge and experience and works to minimise 
duplication in technical studio. It also provide a fomm tm discu^on of 
matt^l^pf mutual inter^t bfetween technical specialists in frieral a^nci^ 
andqther specialists with sindlar r^p^nsibiliti^ in both the private sector 
and in state and local governmente. . ^ 

The FCC h^ eight continuing progranis: (1) flic development of 
^ Federal Construction Guide Speciflcations, (2) a construction cost foi^rast- 

ingiarid cost enpneering sfudy pro-am, (3) maintenance of a cOTiputer 
program library of construction engineering technique acerbic by 
remote terminal, (4) running a seri^ of seminars on d^ign criteria for 
federal construction projects, (5) maintenance of an infomation exchange 
program for construction-related engineering investigations, (6) a program 
to promote the inrorporation of Are safety criteria in constmction d^gns, 
(7) a general program on safety criteria in draign, and (8) a prop-am for 
interchange of ide^ and experience in procurement policy. 

In addition, four short-term ad hoc studio were completed during the 
past year covering such subjects as steam boiler and hot-water generator 
construction criteria and tecnniqu^ for the conduct of energy ronservation 
surveys of buildinp. Three new ad hoc studio are planned for the coming 
year. 

Experience has indicated that apparendy better cooperation and 
coordination between federal agenfei^ can be achieve through such a 
nongovernmental mechanism that include a few private sector people^as 
well as agency specialists. 



TRANSPORTATION RESEARCH BOARD 

As the capital costs of new highway faciliti^ have increased, and as public 
resistance to highway construction in urban areas h^ grown, attention h^ 
turned to ihstitutional and. administrative dcvi^^ to reduce traffic 
congestion in metropolitan areas. A recently approved project under the 
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National Cooperative Highway Rt^rch Pro|ram ofithe Transportation ' 
R^ei^h Board (mB) is undert^iig *o identi)^ and^Mslyze technique for 
, r^cinf cong«ion, Bund to study the institutidnal factors that itand in the 
^y of their implementation. It has identified ^enteen technique, 
ranging from social t^hniqu^ sudi as it^ger^ work houn to technical 
ttehniqu^ such as varioiis applicationi of tmfflc enp^ 

As a r^ult of th« studies the project, being done b>| the coniulting 
firm of Remak-Ro^n*^lTOm, has recommendirf eight *^program-packag^" 
of cong^tion»reducin| technique. It has then analyzed the institutional 
and administrative b^rieri to realizing th^ technique. Many institution- 
al barriers are^comniOT to several of the recommend^ pa^^^, with 
major on^ includin^i (1) dispemon of public authority in the regulation 
and planning of trai^portation, (2) separation of public r^ponslbility for 
planning and implei#entation, (3) incompatible regulations, (4) unequal ^ 
financial incentive fcjr various participants in transportation planning atid 
implementation, conflicts between local autonomy md -'collective 
rationality," (6) pdrsonality conflicts among public officials, (7) imbalanced 
repr^ntation of various inter^ts in public participation (e.g., preferential 
repr^ntatioh of the "retired, wel^educated, and economically secure"), 
and (8) inadequate cooperation and information exchange among a^ncies. 
The analysis has been aided by in-depth case studio of four communities: 
Jacksonville, Dallas, Houston, and Seattle, 

The point made by W, Garrison in his article on public facilid^ 
^ systems— the tendency for acc^ to public sen^ic^ to ha claimed as a right 
equally available to all citizens irrrapective of relative cost— is strikingly 
apparent in the case of public trans^rtation for the elderly and the 
handicapped, and this issue is discussed in some detail in an accompanying 
study project article on "Tl^ansportation for Elderly and Handicapped 
Persons." 

As noted in the ^cle, the Transportation R^earch Board has 
established a committ^to consider the implications of a national policy of 
providing equal acefess to public transportation for the handicapped and 
the elderly for the specifics of transportation planning. One imne is that, 
apart from costs, many group feel that separate systems for the 
- handicapped and elderly arc psychologically demeaning, thus do not fulfill 
the spirit of the requirement for equal acc^, and are therefore not 
ac^ptable, regardless of c^t. The committee is considering this i^ue, along 
with others discussed in the accompanying article, 
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MARITIME TRAHSPORTATION RESIARCH BOARD 

The Maritime Trans^rtation ^^carch Boai^ (MTRl) launched a 
study, "Innovation and Technology Transfer in the Maritime Industry." 
Th0 ^ioiary pur^^ is to undeiitand the factors that influence the 
capacity of- the induitry to develop and adopt techiiolppwl apd 
insdtudonal innovations that wll ensure its future siu^val. Contra^ to 
some TOnventional wisdom^ die maritime industry, h^ experienced 
remarkable technological change within the l^t two decad^j the most far- 
reachinf having been the set of technologic a^sciated with containeriEa- 
tiOT, in which the Unit^ Stat^ Ittd for many years. But, dapite this, the 
economic health of all phas^ of the U.S. maritime induitry is precarious to 
say the least, and even with federal subsidi^ it has been unable to hold its 
owii in the percentage of U.S. foreign trade carried in American flaphips. 

"Hie development of carriers of liquefied natural g^ {USQ) is an 
example of an innovation that v^m pioneered in the United State; but in 
which oAer nations took the lead in adopting the technolo^. By coritrast, 
the development of the bulbous bow, also an American idea, raited in 
wid^pread and rapid adoption on u,S, slow-speed, deep-drirft tanken; 
within one year after t^ts at the Univeoity of Michigan ^tablished that 
fuel could be potentially saved, nearly every tanker in the U.S. fleet had 
^ been scheduled for retrofitting with a bulbous bow. What is the explanation 
for this contrast? Answering this kind of qu^tion is one task of the MTRR^ 
committee. ' ^ . 

There is, of course, a tremendous Wy of scholarly literature on the 
technological innovation proce^ in general,* and part of the task of the 
MTRB committee is to relate this general literature to the specific situation of 
the IJ.S. maritime industry. 

A second MTRB project is the study "Impact of Changing Maritime 
Service on Local Populations/' This study may be thought of as printing 
the converse side of technological change in the maritime industry: It deals 
with the secondary impacts of this technological change and the 
institutional mechanisms and process^ available for mitigating them. ^ 

Cargo handling through trailer-on-flat-car (TOFC) and containeriza- 
tion-on-flat-car (COFC) railroad services, pipelines for bulk liquid transpor- 
tation, and general containerizatioh of cargo have had a'^pfofound influence 
on the character qi port facilities and the location of ports.^ For example, 
general cargo piers in downtown waterfront areas are o^l^ent or 
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obsolete, while the movement of industry to urban perimeters has created 
' new demands for cargo handling in these areas. Environmental impacts 

^ and shifts of maritime employment have created serious political conflicts. 

The MTRB committee is broadly, concerned with the srcial and political 
process for adjusting to these changes, with special emphasis, on the^best 
modes of pubh'c participation. During the last seven years (since the passage 
of the National Environmental Policy Act) citizen groups have acquired 
considerably greater influence over developments through mandated 
hearing processes and through broadened access to judicial remedies 
against unwanted developments. Although there is a disparity in the 
resources available to citizen groups and proponents of development, this 
.\ disparity tends to be partially offset by the large costs that delay can impose 

^ on the developer or the investor. 

The question still arises, however, whether the costs bf this adversary 
' process are really necessary for eff'ective citizen influence, or whether there 
are not better ways. A 1971 University of Michigan study^ indicated that 
citizen advisor)^ boards and informal contacts between local officials and ^ 
citizens are n^jch more effective than public hearings and other formal 
processes, since adjustments on both sides can be made before an issue 
becomes hopelessly polarized through overemphasis on adversary aspects, 
• " Costly delays and waste motions can be avoided if a best alternative can be 

selected by consensus before large intellectual or financial commitments 
have been made. 

The committee has developed a set of eleven general principles for 
public participation, all aimed at ensuring the early consideration of 
alternatives by the broadest possible range of potentially affected interests. 
These principles include such ideas as agreement on decision criteria before 
specific alternatives are proposed, assignment of responsibility to a single 
lead agency for developing the hearing process, the development of 
^ understandable and enforceable time limits on agencies for commenting or 

acting on proposals, and efforts to identify all potentially affected interests 
2M or constituencies as early as possible, not relying exclusively on self- 

generated citizen initiative. 

NATIONAL MATERIALS ADVISORY BOARL^ 

The National Materials Advisoiy Board (nMab) has been carrying on a 
number of studies related to possible future scarcities of critical materials 
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^ and to possible contingency pJans for substitution and conservation,^ A 
gocd example is theit of chromium, considered in a study completed in early 
1978, CQntingeng; Plans for Chromium Utilization. Chromium is an element that . 
is relatively abundant and inexpensive and that has a w^ide variety of uses, 
ranging from steel alloying to drilling muds. However, despite large 
reserves, commercial ore deposits are concentrated in very fw places (98 
percent in Rhodesia and South Africa), and there is a danger that this 
supply may be cut off for political reasons. Recognizing this danger, the 
Energy Research and Development Administration (now absorbed into the 
Department of Energy), the u.sr Bureau of Mines, the National Aeronau-^ 
tics and Space Administration, and the Federal Preparedness Agency (of 
the General Services Administration) sponsored the study to identify 
alternative means of reducing u,s. chromium consumption so that plans 
might be formulated well in advance of any interruption of importf. 

The committee looked at ( 1 ) possibilities for t^^e substitution in present 
uses of materials containing littreTjnioTiiiFomiu po^ibiliti^ of new or 
improved pro4uction prcKesses that would reduce chromium requirements 
and facilitate* chromium recovery by recycling, and (3) possibilities for 
component design changes that would minimize chromium requirements. 
The committee aLso considered the effectiveness of stockpiling and of 
research and development aimed at substitute materials and estimated how 
long it would take for these measures to affect chromium demand. 

The conYfnittee concluded that there are no present or Hkely near^ 
future substitutes for chromium in high=strength steels and high-tempera- ^ 
ture or corrosion-resistant alloys needed for jet engines, petrochemical and ^ 
powerplant. equipment, and several other critical products. On the other 
>and, chr^Aiium-free substitutes were possible for decorative stainless steels, 
automobile tWm, flatware, refractories, and some chemicals. The overall 
conclusion was that by good planning and considerable effort chromium 
consumption in the United States can be reduced by one-third withm five 
years without major economic dislocation, while with a strong R&D program 
an,additional reduction by one-third could be achieved within fifteen years, 2:^5 
Conventional stockpiling can provide short-term (five-year) protection 
against supply interruption. 

In the longer term, corrtinued use of chromium in easily collectible 
items such as hubcaps, flatware, and coins might actually be a cost-effective 
way of achieving a stockpile. In addition, exploration could possibly turn 
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up additional high-quality .chromium ore deposits in less vulnerable parts of 
the world, 

/ Because of the large reserves of chromium ores and the relatively low 
price, there are presently few economic incentives for private industry to 
develop long lead-time contingency technologies or substitutions, to search 
for new sources of ore, or even to update st^kpil^. This is a common 
problem in the minerals field, one that becomes more serious as the claims 
of national sovereignties over mineral resources increasingly supersede 
classical relations of economic supply and demand.'^ 

While industry and government in the Western industrialized 
countries tend to respond mainly to economics and to price signals, politico 
may prove to be the dominant controlling variajtle for future supplies. The 
problem islhen how much and by what means governments can and should 
intervene in the free market to provide the necessary incentives for 
contingenty actions, in order to reduce vulnerabilities to sudden shifts in 
the world political situation leading to discontinuities in the supply or price 
of essential raw materials. 

During the past two years the level of political interest in this general ' 
problem has risen enormouily, and much new legislation is under 
discussion,^ Clearly /careful analysis and its wide di^emination will play an 
important ^art J n stimulating the necessary investments an^ research; but it 
is doubtful whether better information and awareness by themselves, in 
combination with investor decisions, will be sufficient to ensure continuity 
of critical supplies. 

The last several years have seen a rising legislative and judicial 
concern with industrial hazards and with health and^ safety in the 
workplace. Materials are implicated in most workplace hiizards. One 
example is the toxicity of materials, such as beryllium oxide dust produced 
in grinding beryllium alloys, polychlorinated biphenyls (PCB's) in cutting 
oils and transformer dielectrics, arid hydrogen cyanide produced in process 
heating of some riitrogen-containing polymers. Another instance is the 
injuries caused by thcrfailure of materials'in fracture. Hazards also arise as 2:57 
a result of interaction of materials with the environment as in corrosion or 
in the generation of explosions from dusts and gases. Still other hazards 
arise from improper disposal of industrial wastes. 

Over the past fifteen years, the U.S. Coast Guard has supported studies 
by the NRC Committee on Hazardous Materials, which resulted in four 
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volumes of reports covering explosive hazards of chemical vapors in relation 
to electrical equipment. These studies were suspended in 1975, and 
responsibility for the area has been assumed by the nmab, which has set up 
a Committee on the Evaluation of Industrial Hazards, now supported by 
the Occupational Safety and Health Administration (OSHA). 

Initially, this committee is expanding the earlier work on the 
classiflcation of n^l^rirts according to flanrimability and explosion hazard 
and is examining methods of classifying dusts as well as devising a new 
classification scheme for gases and vapoi^,,The committee plans to exptod 
its scope of interest, as support becomes available, to such areas as: (1) 
safety in extractive prbce^es; (2) safety in conversidn processes, including 
forming and shaping and the prcduction of various intermediate; (3) safety 
m fabrication, including fire and explosion hazards and toxicity of ancillary 
agents such as cutting oils, grinding residues,, and paint fumes; (4) safety in 
environmental protection, e.g., toxic wast^, scrap, and dusts; (5) safety in 
energy conversion, e,g., pipelines and distribution systems, power plants, 
and so on; and (6) safety iq transportation systems , where materials 
, properties are primarily involved. The future of this actfiity will probably 
depend on the rate and manner in which the federal government organizes 
itself to implement the Occupational Health and Safety Act; at present the 
mformation gathering and research in this area are scheduled to be 
assumed in 1979 by the National Institute of Occupational Safety and 
Health (NIOSH). NiOSH will probably b^ more r^arch oriented than OSHA, 
which IS faced with urgent regukr6r)^^ecisions based on whatever limited 
information now exists. . . 

HAZARDS RESEARCH 

7 he Committee on International Disaster Assistance completed its.fir^t year 
of work under contract to the U.S. Agency for International Development J 
The resulting report primarily examined the u,s, government's foreign 
disaster assistance programs at the AlD*s Office of Foreign Disaster 
Assistance (aip/ofda). Particular attention was given to problems of 
defining and measuring disaster-induced needs beyond the capabilities of 
developing societies and to which the UnitecT States and the broader 
mternational communiry can efTectively respond. Contrary to popular 
stereotypes, these local unmet needs are not obvious; they vary by types of 
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disaster, the vulnerabilities of jxDpulations and structures, and the local 
disaster preparedness and response capabilities. Drugs, blankets, food, 
protection against possible epidemics— in short, the kind of help usually 
associated with disasters— may not be germane to a particular situation. 
Even assuming that these needs can be. accurately identified, the 
administration of international disaster assistance requires a clarification of 
the appropriate roles and relationships among the many public and private 
international donors who seek to provide such assistance. 

While acknowledging considerable ignorance concerning the precise 
nature of the problems for which foreign disaster assistance should be 
provided, the committee was still able to recommend a series of policy and 
operational changes to the AID/OFDA. For example, the committee 
analyzed in detail the AID/ofda disaster reporting and computefized data 
bank systems. It concluded that these systems cannot perform all of the 
multiple functions for which they were originally intended, but that, with 
some modifications, they will still be useful in improving the management 
of future U.S. disaster assistance programs. Spt-cifically, these systems have 
limited potential for modeling the impacts of current or future disasters in 
various countries or for ''automating" disaster responses; but they can still 
provide^ documentary information on the effects of past disasters and the 
US. responses to them. They also can be used to quickly provide foreign and 
international disa.ster officials and U.S. embassy and aid mission personnel 
with clear and current information on the kinds of goods and services that 
the United States is prepared to furnish (including a description of the 
design specifications and pt^rformance characteristics of materials). 

On a broader levels the committee pointed out that although the 
largest number of VS. disaster relief operations have been in response to 
disasters that occurred quickly=-such as earthquakes, tropical cyclones, and 
river floods— the VS. government has spent the largest amount of money on 
disasters due to civil conflict and ''creeping" disasters, such as droughts and 
famines resulting from climatic fluctuations. For example, the Bangladesh 
civil war of 1972 and the 1972-^75 drought in the Sahel alone accounted for 
thirty-four percent' of all U,s. government expenditures for disaster relief 
from 1965 through 1976. Such disasters involve politically volatile 
situations; moreover, it is difficult to anticipate the kind and extent of help 
needed. Also, the usual administrative distinctions for sudden disasters 
made between relief, rehabilitation, and reconstruction break down for 
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"conflict" and ''creeping'' disasters. The committee has recommended that 
the Am/OFDA planning be reexamined in the light of these problems. For 
example^ organizational linkages should be strengthened or formed by AID 
with international "neutrar' organizations that may be able to provide aid 
in a civil conflict in v^hich direct U,S, aid is politically d^cult, The 
committee also recommended stronger linkage betw^een the aId/OFDA's 
disaster assistance program and the broader development program at AID, 
It pointed out that strengtherung the organizational linkages between aid's 
disaster assistance and its general development programs, now administra- 
tively separate, would reflect the understanding needed of the relationships 
between disasters and development. Disasters may create conditions 
simplifying development efforts, perhaps by offering unique rebuilding or 
resettlement opportunities, as well as new sources of funds; while, on the 
other hand, hazard reduction efforts should be a normative part of 
development programs. 

Finally, the committee noted the generally low' level of disaster 
preparedness in potential recipient nations. In this connection, the 
committee recommended that the International Disaster A^istance 
Seminars held annually in Washington for a j^riod oi six weeks be 
continued with wider participation from developing countri^ and that, 
expert consultations with disaster preparedness officials of potential 
recipient countries be offered on a much wider scale than at present. 

Based on the first years work, the committee recommended a 
concentrated study of the problem of damage and needs assessment. This 
recommendation has been incorporated in a second-year contract with aid, 
which will involve research on the technique of hazard monitoring and 
postdisaster damage and needs assessment. The committee will review the 
uses, cos'ts, benefits, and possible mixes of ground survey, aerial reconnais- 
sance, and remote sensing assessment techniques in various natural disaster 
coordination requirements related to the integration and dissemination of 
assessment data generated by these technologies. 
240 For many years, the nrc has created ad hoc teams of experts to visit the 

scenes of natural disasters immediately after they occurred to evaluate what 
lessons could be learned. This work is carried out under the general 
supervision of the Comrrtittee on Natural Disasters and is supported by the 
National Science Foundation. The most recent such report is being 
prepared in connection with the Big Thompson River flood of July 1976, 
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During the evening of July 31, 1976, an intense thunderstorm, due to 
an unusual concatenation of meteorological circumstances, stalled over a 
small area of Big Thompson Canyon in the Front Range of the Rocki^ in 
Colorado, More than ten inches of rainfall fell within less than three hours, 
and, becau^ of the steep mountain topography, the runoff quickly 
concentrated and formed a virtual wall of water that displaced everything 
in its path— houses, trees, sediment, and large toulders. C3ne hundred and 
forty-three people were dead or missing, and $41 million of property 
damage occurred within a small area. 

Because no event of this character had been experienced in the one 
hundred plus years of records, it was erroneously supposed that such an 
event was impossible in the Front Range,* The valleys and mountain 
streams in the area had become prime residential and recreational areaSj 
with little or no restriction on development. 

Perhaps the mmt important lesson of this event is that conventional 
methods of floodplain analysis, used extensively for floodplain zoning in 
other areas in connection with flood insurance studies, are not applicable to 
mountain watersheds, A new model, which does simulate proce^^ that can 
occur in regions like Big Thompson Canyon and which allows the 
prediction of the effects of various rainfall distributions, needs to be 
developed. Geological hazard analysis outside the immediate floodplain 
area is also necessary. For example, in the Big Thompson River flood, slope 
failures and earth movements outside the immediate flooded areas were^U 
continuing more than a year after the flood, , / 

Of course, the analysis of such events raises diflScult philosophical 
i^ues regarding protection against very rare natural events. For instance, 
local residents resented restrictions on the use of their property due to efforts 



•In retrospect, som^mttention might have been paid to the fact that a similar disaster did occur in 

1972 at Rapid South Dakota. Like the Big Thom^jn River floodj the Rapid City flood 

occurred because a torrential down^ur stalled over a small, canyon-fllled mountain area. The j 

two disasters differ^ in that in the Big Thomson case the damage was almost totally confined to 

the canyon arcai whereas in the Rapid City case most of the damage occurr^ in the city, located 

on the floodplain at the mouth of the c:anyon. In addition, the failure of the Canyon L^ke Dam in 

the Rapid City flood was certainly a contributing factor to the size of the flood er^t^ 50,600 cubic 

feet per se^nd vemis 31,200 cubic feet per ^^cond for the Big Thompson flood. The Mmparative 

magnitude of the disasters are told in th imnts of damage and the number of livm lost; SI 00 

milhon and 231 deaths for Rapid City vcims $41 million and 143 fatalities for Big Thompson. 
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to mitigate the consequences of events having a predicted recurrence 
interval of 300 to 1,0W years « 

ADVISORY BOARD ON MILITARY PERSONNEL SUPPLIES 

Expectations regarding the future of the enzymatic conversion of cellulose 
w^aste to useful products, including glucose and ethanol, were extensively 
reviewed at a Symposium on Enzymatic Conversion of Cellulosic Material 
sponsored by the Advisory Board on Military Personnel Supplier (ABMPS) 
and the. U.S. Army Natick ^^^earch and Development ComJrnand 
(n^raDCOM) in September 1975.^ At that time the economic promise of the 
process did not seem very great. However, substantial progress has been 
made as a result of recommendations emerging from that symposium. 
Enzyme productivity has been increased fivefold. The milling time required 
to bring cellulosic materials to a given state of susceptibility to enzymatic 
hydrolysis has been reduced from twenty^four hours to six minutes. 

For more than ^.year and a half, the Gulf Oil Chemicals Company has 
been operating a pilot plant for treating waste pulp from paper mills with 
enzymes produced by naradcom's Tnchoderma viride bacteria to make 
glucose. Glucose is then acted upon by other enzymes, produced by a yeast,^ 
to convert it to ethanol from which can be made a variety of basic building 
blocks for a petrochemical industry. Gulf is now designing a commercial- 
scale plant capable of producing 2 million gallons of ethanol a year. 
1^ Whether and when such a plant^will be economically competitive with 
chemical plants using petroleum as a raw materiaf base will dependj of^^ 
course, on future trends in the price of petroleum and natural gas, as well as 
further development and practical experience with the proce^ss. 
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Public facility systems — such as the postal servicej public school systemSj 
public transportation systeniSj and electric and gas utilities — are monopo- 
lies by virtue of their public franchises: Their markets are administered by 
the political system rather than by market fbrc^. The goods and service 
they provide are highly valued; their disruption is not tolerated; and their 
clients claim equal rights to service. Such public facility systems form 
spatially linked networks^ and network interdependencies are strong. 

Each system has its own history, but all systems were brought into the 
political arena as interest groups claimed rights to service. Some mainly 
represent a claim by the public for benefits^ previously obtained by 
privileged minorities— public schools, for example. In other instanc^j su^h 
as public mass transit, failure of private firms cK:casion€d government 
intervention. Exercise of political power by special beneflciari^ and the 
promotion of social needs by professional groups also affected the formation 
of systems. Politicians used claims to rights by interest groups as a basis for 
political power and action. While not all demands for services by inter^t 
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THINKING ABOUT PUBLIC FACILITY SYSTEMS 

groups resulted in the creation of public facility systems, all public facility 
systems were created in respons&^o sJch demands. 

Facility systems must respond to the manner in which those rights are 
viewed by the puBlic, and debated and treated in the political process. The 
right of access to the transportation system was well established in medieval 
Europe; that right continues to be expressed in regard to the public road 
system and common carriers. The right to community healthy first 
recognized in this country around 1900, accelerated the deployment of 
water and sewage facilities; the '*right to health/' expressed as the right to 
medical services, is currently a matter of widespread debate. The rights to 
services from electric and telephone utilities, in parallel with monopoly and 
efficiency issues, made strong imprints on those systems earlier in this 
century, and such rights continue to be debated. 

Aj grasp of the scope and character of facility systems is often missing in 
current debates. Creative suggestions for system revisions or new systems 
seem to be no one's responsibility^ and are too often missing in current 
debates. The objective of this essay is to broaden the debates. It explores 
how the corpmon features of public facility systems affect their deployment 
and operations, and presents information in a form useful to those striving 
for system improvements. Although suggestions for systems change may be 
inferred from the discussion, the essay stops short of recommendations, for 
change is a matter oi public debate and choice, 

CH^%R ACTERISTIC 5 

Public facility sytems, like other systems^ draw from supfx^rting activities 
and serve markets. But, unlike other systems where the economic 
marketplace focuses control, control of fajcilities is dispersed. The control 
characteristics of the systems will be examined first. Facility systems are 
mandated to provide their goods and services at administered prices, and 
the manner in which markets are served under those requirements will be 
the second matter for discussion. An examination of some organizational 245 
features of the systems will close the discussion. 

Control 

The question ^of control of public facility systems is compounded by (1) the 
interfaces p^^he systems with governments and other organizations that 
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exert control, (2) the disjointed internal structures of the systenis» and (3) 
product standardization. 

Taking the more straightforward matter of government interaction 
with systems first, there are three major decision nexuses operating within 
government layers. One provides day-to-day and month-to-month control 
by facility administrators. Secondly, the facility administrators, in turn, 
operate according to rules established by regulatory (e.g.. Federal Power 
Commission and Interstate Commerce Commission), standard-settings and 
sometimes funding agencies (e.g., .Environmental Protection Agency^ state 
and federal education agencies, Federal Highway Administration, Federal 
Railway Administration). The regulatory and standard-setting agencies, in 
their turn, respond to the third decision nexus, the legislative process. 

Major changes in public facilities usually bring in the political process. 
Changes in circumstance or public expectations may spur debate about a 
public facility; boards or commissions are established, studies made, 
legislative revisions proposed, and action taken. Once action is taken, there 
is a tendency to shield the day-t^-day operations of the facility from the 
political process. Institutions such as boards of education, highway 
commissions, or public utility commissions serve as a surfogate for the 
political process on dealing with small matters affecting the operations of 
facilities. But when major issues arise, they are again debated through the 
political process and resolved through institutional revision. 

A debate about transportation may, for example, result in restructur- 
ing gtate highway commissions and giving them new authority and 
responsibility. The Railroad Revitalization and Regulatory Reform Act 
(the Quad^R Act) recently attempted to revise the authority and 
responsibility of the Interstate Commerce Commission with respect to the 
raiilroads. Or, to cite another instance, an activity reinvented every decade 
or so under one title or another is again at work under the name of National 
Transportation Policy Commission, 

There is always a low level of pubic debate about facility control. In 
24 (i the main, it emerges as statements of frustration about fragmented 
responsibility, facility managers' lack of responsiveness and authority, and 
uneven performance. The cost of control, usually expressed as cost of 
regulation, and the uneven outcomes associated with regulations are not a 
matter of much public debate, although regnlatory reform growing out of 
efficiency argiiments is much pressed by economists. 
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The manager may have to deal with three layers of governnieiW-=in 
the case of utilities, fqc-,example, city agencies, state utility commissions, and 
the Federal Power Commission. This further complicates and fragments 
control, since governments at different levels have differing inter^ts and 
authorityj and there is always a potential for mismatch tetween problems 
and effective remedial actions, A local problem may require federal action 
or a nationaLproblem may require local action. Such mismatch^ between 
the levels at which problems are sensed and appropriate levels for problem 
management create difficulties for system managers. Examples may be 
^sefuL There is a national need to reduce petroleum im^rts for reasons 
ranging from balance of trade to defense issues. The 55-mph speed limit has 
been imposed as a petroleum conservation measure. Yet the matter of 
appropriate speed limits for highways is highly de^ndent on geography, 
and highway facility managers, especially in the western states, often do not 
find this limit suited to their particular circumstaricte. The attempts to 
reduce noise near airports is an example of a local problem requiring 
national action, while school integration matters mix lc>cal and national 
goals and solutions. Invariably, the system manager is caught in the tension 
formed by the Fnismatch of the problems and available remedies, and often 
must administer federal solutions not necessarily suited to local needs. Such 
mismatches seem, to increasingly fall on local system managers as solutions 
for many problems escalate to the federal level. 

The internal structures of systems are affected by the multiplicity of 
controls on system components. While these components are all intended to 
contribute to a common goal, the reality is that they are subject to 
Independent controls and hence may vary greatly in their performance 
within a system. 

The highway system illustrates the problem, Guideways form one 
component of the system; vehicles, a second component. The guideways are 
provided by state, local, and federal agenties using civil engineering 
/ technologies, Ciuideway providers respond to rules ranging from those 
imposed on subdivision develcj^ment to bridge clearance requirements on 247 
the Corps of Engineers, and they respond to interests ranging from the 
broad social requirement for road fatalities to the desire of the construction ^ 
industry for suitably timed and ^izecl construction contracts. But vehicles 
are produced by private manufacturers, using mechanical engineering 
technologies and responding to market forces. Also, buyer preferences and 
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gov^mment rul^ oil vahicle safe^, hiel efficiency, and ami^ions aff^ t|i€ 
tfpt of vehid^ and engine manufacture. But rul^ for vehicla opemtio^ 
stem mainly from traffic enginearing, Th^ rul^ involve tr^ic laws and 
licendng of vehicle and dijvers, and are affi^ted by safety orpuimtionsj 
other private groups^ an^a^emment agenci^. 

The point is that there is no facility manager, that no one is in overall 
charge of society's goal of accra to transportation. TOere are efforts to 
provide focused management, but the various components^ such as vehicle 
and guideways, still operate by ^eir own mto. 

This property of disjolntedn^ jof ram^nents Is ^adily fenmmzed, 
although the pattern ^diffeis from facility to facility. Sanitary Mid water 
systems are provided locally and managed locally by fixed facility 
managers. S)^tem transactions are aflTecte by useii. Water purity and 
effluent standards are ^t nationally. Component independence is weaker in 
private faciliti^, but it remains. Equipment, right-of-way, and operations 
protocols of railroads, for example, follow different rul^. Labor mak^ its 
claims component by component. Capital for equipment, obtained through 
equipment mortgage, is one thing; capital for improvements of right-of- 
way, if available at all, is another. And all railroads operate under common 
carrier rules enforced by the icc: 

Component disjointedn^ is a consequence of fragmented control and 
the tendencies for different inter^ts — labor, managei^i regulators — to make 
different and inde^ndent claims on system components. Managei^ 
generally have limited control over system transactionSj that is, in rationing 
system access and use. 

Because of component disjointedness, system change follows a pattern 
©f component adjustments: component managers adjust their component to 
other components. Railroad guideway managers are searching for ways to 
adjust their facilities to heavier railroad cars and locomotives. Highway' 
facility managers supply facilities to meet needs expre^d by the number 
and kinds of vehicles and traffic rules, 
248 The division of facilities into disjointed components affects the flow of 

technology to the systems. System technologic are on no one's a^nda; 
rather, component technologies are devised for and supplied to component 
markets, accompanied by a strong urge toward component standardization. 
But before discu^ing technologies and their standardization, the capital 
intensivene^ of the systems should noted* . 
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^P*h^ are taveral reasons why public fiwility systems are biib^ toward 
ttpital intrasiveriMi Rate making for utilijdi^ b^d on return to capital is ' 
one* Another is the theher of regulati^or monopoly markeyi or both, 
under which a number of the fadliti^ joperate, For instant, b^kruptcy is 
not at iisue (^me railroad eMcepted)/afld the cost of capital do^ hot entail 
bankruptcy risk or 1^ traumatic/market t^^. Co]^quently» upi^ is. 
relatively cheapp Finallyi those fTCilities that are entirely within the public 
sector reflect legislative uid voter bia^ toward expenditure of capital. 

The ^pe of technology tMt is available is a function of the bias toward 
capital intensiven^ and tKe division of facility systems into ramponen^. 
Specifl^ly, technology t^ds to be provided in a form suited to the nature 
of component supply st^amsj which may or may n^ fit the overall needs of 
the facility system, "niere are vigorpus suppfy streami for larger pipe and 
' pumps for sewage iysten^j dee^r and stronger pavements for freewa)^, 
larger^capacity generating ai^ transmi^ion facilities for el^trical facilide^ 
and larger aircraft and eledfronic aidi to learning suitable for use in large 
schools. Techriology flows are not nearly so vigort^us in the operating rule 
components/ of the systamj which involve the' soft technologic of 
managemj^t. 

There ir also great, pressure for standardization of technology. It is in 
the in|erest of suppliers to produce many copic of a given product. Efforts 
by standard-setting and control agencies to a^ure that everyone has equal 
ac^^ to % facilitic system are also a force for standardization. It is easy to 
^e why not too many decades ago schoolbooks used in state»supported 
/tchool systems were chosen by state legislature This both a^ured the 
/ legislature that the quality of education was uniform and served the 
inter^ts of the larger textbook companies. Today, this adoption proc^ is 
mainly in the hands of state or local school boards, and therefore is shielded 
, from day-to-day politics. 

The need for articulation among systems i§ another for^ for 
technological standardization. A fifth-grade graduate in one schwl district 
is, in principle, expected to be ready for the sixth grade in any school 249 
district. Freight cars and, increasingly, locomotive must be able to o^rate 
anywhere, complicating change in braking systems or track gauges. 
Terminal switching and transmission requirements impose similar con* 
strain ts on communications and electrical facilities. This need for 
standardisation and commonality is reinforced by the inter^ts of ' 
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equiptnent suppliei^, who, as mentioned, natiirally dmire aggrepited, 
symdard markets. Govarnmentft, abound by purchasing rulei and aeeking 
lower pric^ for dieir purchi^^, al^ contribute to, standardiEation. 

One r^yh of standardizadon is that there is little martet segmental 
tion. The goods or serviq^ pf articular public facility systems are the same 
everywhercf, and may roughly fit every need but few perfectly. Standardiza- 
tion also ii a brake on technological change, Any new technology has to 
meet systemwide standards (which means that the technology may not be so 
new after all) or obtain a revision in itandards. Because so many actoi^ w 
in vol v^) obtaining a revision in standards is very demanding of r^durc^, 
generally available only to large suppliers. 

Siwi^ Mafkits 

As noted in the introduction, marked for public facility S)^tems are fonned 
broadly by claims of rights to goods and semc^. Th^ claims are expr^ed 
m a right of acc^ to goods and seivices at particular tim^ and plac^ with 
highly varied costs. How are these claims sensed? 

The answer depends largely on ^pulation diitribution and polidcal 
geography. All parts of the country are reprinted political ly, and 
therefore are able to claim access to goods and service. But while the claims 
are universal, the costs of supplying them tend to vary, resulting in many 
c^^ in crosS'Subsidi^ from one part of the facility system to another. For 
many facility systemss it is less costly to provide the gTOds or service in a | 
dense market than in a sparse market. So the pattern of suteidy in th^ 
cas^ has been from citi^ to rural areas; and in trans^rtation, water 
supply, telephone, postal sei^^ice, and sewage systems, from heavily to 
lightly used routes. 

These cross-subsidies have had enormous impacts on patterns of 
national development. Cross-suteidy has provided univeiml acc^ to public 
facilitie, regardless of the cost of providing the good or service. The ready 
availability of the telephone, sew^e and water systems, and transportadon 251 
has surely supported the explosion of the suburte. It surely has supported 
the viability of small towns vis-a-vis major metropolitan areas. 

These cross-subsidi^ are large. For example, ap^i^ximately one-half 
of all telephone ^ysiflp income com^ from charges for long distance calls* 
This income subsicflife other telephone operations, particularly thme of 
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'S .4 ^ cotnpm|£i serving relativaly spar^ markets. Gasoline tu^ boU^ad in the 

larger ci^m subsidize th^ provision of rural ipa^^ and a watcA^ utility mm 
,^ V the same pnce sehedule in the suburbi as in the imer city, which b Im ^ ' 

' ; ' expeftd^ to ^rve, 

Servi^ is not only a right with r^pect to ^an, but al^ with r^pect to 
tin^. The rmult ^ that faciliti^ are gew^ to the highM level of deitaandi 
and Msts to users, whether in tax^ or in user charges do not reflect the cost 
of service at a paiticular time. Electrical network must continue to 
fimction in ^ite of the mtlUoi^ frf turkeys l^ing €ci^^ 
Christmas Ever highway ■ wynterm are' not suppo^ to -overload; Friday 
afternoon air trnvelen expect spac^ to available at the usual price; and 
there is an effort to make it praible for everyone to telephone home pi^ 
*\ ' Year's Day.^ Every uier hps ^ghts, and th^ rights are to be met re^rdless 

of when they are demanded. 

Temporal service ^Mb and pri^ are debated by economists, whose 
central concern is that the marginal user pay mar^nal costs. Economists 
sugg^t that capacity would be better allocate if the mai|;inid cost of 
capacity was charged to the user during cong^ed periods. But this is not, 
by and large^ a matter of debate by the general public, and temporal 
pricing do^ not appear as an imperative on any politician's agenda. From 
the point of view of the system user, there is a very, simple re^on for this. 
Over and above the claim that the service is a right, the user is not just a 
peiBOn who mak^ a claim^^for service at a particulaf time; rather he mak^ 
continuous demands on public facility systems. He may heat his water night 
and day^ or drive during cong^ted and noncong^ted. periods. There is in 
general no division of u^rs into those who are r^ponsible for unusual c^ts 
and th^ who are not, BuTt if the di vision existed and had a base in political 
geography, it might provide a power base for political action. 

Claims to rights are put forward by interwt groups, by individuals, or 
by institutions acting for interest groujM. One class of claims has deprivation 
as its base; for example, that the elderly are deprive of transportation and 
252 that the poor have the right to telephone service. Exceptional children are 
held to form a groL a claim to special rights to educadon. , 

Claims are foi led in another way. The products of public facility 
systems are valued more highly by some groups than by others, and a group 
that values the product of a facility system is naturally quicker to claim that 
right than are groupi that place less value on the product. industry and' 
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eoilimaw have demanded that the pubUc school ^^em trsdn midmu in 
biiginM arithmedc, prDfmional grou^ the univerdti^ to pnmde 
proteiioQal trainings and the (somet^e) uaers of railroads are vocal on 
nmtter ^ raUrrad biwc^^ine Abando^fieri^^ 

Rights are thus npr^^d at the ^trem^; deprive groups or their 
repr^entativ^ are quick to ai^e for ttfi^r righte, m are groups that are 
advantaged. Sophiitirated groups argue for repr^ntation on control 
mechani^ns. A government re^atbry agenty typically contains members 
i^^feirafii^ both g^^mphial r^ons and special iAter^^. ^ 

Bu^aiqing.ovaf righti has odcasionally led to political action and 
major revisions of public facility ^^cms- An examinadon of the preamble 
to the 1916 highway l^ialation, which brought the federal government into 
the highway busing, rev^eals that the act was a r^pon^ to.the demands for ^ 
mobility rights of rural dwellers, The Rural Electrification AdminiBtration 
was created to provide eleqtric enei^ to spatially disadvantaged consum- 
er^, and public utility commi^ions are currently being pr^ed to provide 
low #at^ for the elderly and economically disadvantaged. This pattern of 
claims to rights and bargaining about rights is thus one force for change in 
public facilities ^sterns. The pattern is ^Iso a strong brake on change, for it 
is difficult to deprive any group of an existing right. 

With minor exceptionSj goods and services have flat price levels 
regard 1^ of space and time, althDUgh they may vary from one fadlity to 
another, as do state gas taxes and electric rat^. For some facilitiKj the sum 
of charges is required to equal the sum of c^ts. For othei^, such as the 
public school system, no prices are charged. Public r^ource allocation 
would, in theoiy, judge the relative worth of each activity and the source 
available; trade-off decisions would then be made about how much to 
spend for schools, postal service, water, and so on. But,'^ in reality, the 
pattern is that of a hodgepodge of suteidy arrangements depending on 
utilitarian designs, political judgments of what is equitable, political 
strength of constituent groups, and historical rircumstanc^. 

The subsidy allpcation process seems to havl a strong streak of 253 
practicality. Boundaries are drawn around systems, If administered pric^ 
raise sufficient funds to cover cost, no direct subsidy is required. If the price 
charged does not raise enough money to cover cost, then the suteidy com^ 
from somewhere else. At the federal level, constituent groups bargain and 
receive subsidies, almost as if the public purse were bottoml^. 



Decim on nmkinf about luUdy at the loml level w&mm to have more ^ 
a d^de^ff flavor, with citizeni more^dirwtly involved by voting 
a^^tnents for school and water districts, garbage pickup service, and the 
like. But, here, fragmented oontrol shaiply liitiiti Iwal dMision 

making, F^eimlly mandated pr^^ma, such as sewafe tr^tenent, require 
that construction and operatfng funds be rais^ loc^Iy to match' federal, 
expenditure. Such loc^ ^ndb have differing purchasing powers, depend- 
ing u^m matching formul^p , f 

Thm is an impor^t direct subsidy to all pubUc fadlities In the fact 
that they are a^ured of continuity and longevity and that the system of 
administered pnGm providp son%& flscal stability, ^pital is therefore 
available to them at lower inter^t rate than is the rase for riskier private 
activities. One r^ult is a tendency for th^ activide to be capital intensive, 
a matter discu^^ previously. " 

It was also mentioned that the cost of serving a dense market tencb to 
be 1^ than that of ^i^ihg spai^ marketi. System managers see little that 
they can do to reduce their in ^arse markets, lliere are political 
x^traints on price increase. Requirements for product and technology 
standardization are also restraining. 

Exploitation of economic of density in dense marked is, however, a 
highly attractive pption for management and technology. Telephone, 
electrical, and transportation rout^ can be used more intensively with 
reduced unit cost; sewer and water lin^ can be made Iw'ger; aircraft of 
increased size could be highly profitable when deployed on heavily traveled 
routes. There is a vigorous search for techAologi« that capture economies of 
density J reinforced by the relatively low cc^t of capital. The recent effort to 
create bulk mail proc^ing centers is an effort to develop and deploy such 
technolo^^. Economic of densityj however, may be only partially achieved 
or entirely blocked by the tendency of systems to develop component 
independence and standardization. 

For some services, such as public schools, welfare agencies, and health , 
services, economic may be achieved by increased socialization, which 
improves the product rather than decreasing costs; for example, one could 
imagine a large school using different approach^ to teaching science suited 
to different student abilities. However, this type of economy tends to 
thwarted by product standardization; that is, only a few kinds of science 
classes are allowed. Private health service activities do achieve th^ 
economies of specialization. However, specification of standardized services 



THINKING ABOUT FUBLFC: FACILITlf SYSTIIIS 
■ 

by Medicare and other propmim may limit such ecmomies in the hitui^i 
Botmtimm dbonomies of dehMty are pi^al to romponent of a 
system. The c^M of providing paven^t and Aructura for a mile of travel 
on an uriban freeway fit arterial road ii much le^ than it is on a lighdy 
travel^ coute. But the total coit^of highway transj^rtation, including cMs 
%to umn and nonuie^/ ii not markedly different in dense or spi^ie 
tftuattons. If may even be 1« on 4ightly traveled rout^ lacking pollution 
and congestion c^ts. 

. While railroads achieve some eOTnomi^ on their den^ traffic routes, 
the standardization of operational protocols^ guideways, Bfid ^uipment . ■ , 
limits th^ economies and blocks the deployment of technol^^ 
appropriate to dense traffic. 

Some facilit)! systems are fra^iented by government boundari^. 
Other systems are divide because of entrepreneurial activiti^ of many 
yeaii ago; railroads and telephone compani^ are example. Th^ 
boundari^ were not drawn to pysyide rational semce, and the fiscal 
strengths of the parte of systems differ greatly. Some' counti^ struggle / 
mightily to meet their needs for roads from gasoline tax inrame; others have 
an easier time of it. Some railroads are healthy and others poor, largely 
* tecause of route structure. 

There have been varied efforts to circumvent ^ facility systems 
boundari^ or eliminate them. Boundaries have been jumped in highway 
financing, where the criteria for fund transfers reflect the cmt of providing 
service. There is now an effort to develop mechanisms to increase district- 
to-district cross-subsidization in the funding of education. One dream of 
those who discuss railroad mergers is to link strong flrms with weak on^. 
Not unexpectedly, however, the merger pattern has been that of strong 
railroads merging with strong, followed by weak railroads merging with 
weak in a futile effort to survive, 

IfwUvidual and Facility Roles ^ 255 

The organizations that provide and operate public faciliti^ and the rol^ of 
individuals within such organizations reflect the characteristics of the 
facility systems, the goods and ^rvices they provide, and the constraints 
within which they operate. They also reflect historical circumstances. Those 
created early, such as railroad, water supply, and sewage faciliti^j have a 
paramilitary character. The bureaucratic precedent for the railroads was 
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the military ^tablishment; the Public Health Service is alio pammilitary in 
chameter. The division betw^n line and staff rol^ within and other 
fadlitt^ is shaipi as are the ga^raphic divisions/ 

In light of the iystenii' role as a provider for the general welf^^ the 
parfonnan^ measure us^ by the faciliti^'seem, at first glantt, rather 
strange There is a tendency to describe performance in temis of the dze of 
the facility managed: TTic school superintendent disM^^ the number of 
ttechers hir^^ the number of pupils in the district^ and the ^^ua of the 
physical plant; the county highway cngih«r d^ril^ contmctt let and the 
number of mil^ of mid maintained; and the electric utility mmi^er refers 
to,kilowatt=houfi product and sold. Status among organiEations is based 
on such measurements of size. Perfonnance effectiven^ is m^isured by 
comparing cost to the number of unite managed br proc^^d; for example, 
cost par kilowattfhour, coit per student, or rost par mila of road. Other 
measure that ire sometimes used include accident rate and the percentage 
^ of on-time arrivals (for air operations) or departure (for railroad freight 

trains). * - 

Thus, performance is discu^ed in terms 'of outputs and inputs rather 
than in terms of benefits to the general welfare. The reasofb are clear. For 
instance, the claims made on facilities take many^^fprms. Managers are 
expected to provide jol^s support economic developments and pro\dda 
markets for equipment manufacturei^ and construction contractors* So 
when managers d^ribe their out puts j the important fcue is apparently 
one of how the pie is sliced. , 

Advancing the general welfare is also not on a manager's ^enda. 
Systems are rarely managed and thought pf as systems; many are instead in 
the hands of component managers, and com^nent (or quasi»s)^tems) 
managers have little or nothing to do with the shaping of grand societal 
goals. The sewage system imager's aiifls are framed in terms of his 
physical facility; the health of the public is a much larger matterj and 
broad goals and programs are a matter for political proc^^. Often the 
25() manager is a prof^ional who advanced through a particular facility, and 
the traditions of a facility prof^ion may not he articulated in terms of 
social goals. Moreover, the entrepreneurial opportuniti^ left to the 
manager are severely constrained by regulations, standards, and so on, thus 
leaving c^t-cutting as the only outlet for his managerial skills. Preoccupa- 
tion with cost-cutting in high-level management of public facility systems is 
unlike that of most large private enterprise where cmt management is at 
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profit center levels. Another management preoccupation is that of trying to 
incr^je or niaintain the size of the organization. ,One can readily 
understand why highway organizations want to buil4 more highwa)^ and 
electric utiliti^ want to increase gerterating capacity, for, within ^eir 
ground rul^, incrrased size means increased importance. ^ 

Facility or^nizations are bimono^li^ and, to some extent, tnmo- 
nopoli^. They are bimonopolies in the/ sense ^that ,there is a facility 
.jnonopply and a prof«ional and la|»r monopoly that operates the facility. 
The stren^h of labor in th^ faciliti^ is, of coui«, tied to the public view 
of the nec^ity for facility goods or service. The systems also have a "full 
employmfnt" function^ and the reduction of their labor forces rais^ 
political concerns. Highways, schools, sewage systems, and ^rtam other 
systems or system components are a^ociated with the pFof^ions. All are 
steoed in part by prof^ional practices, while the impact of bimn^ or 
industry practices is le^ strong. In thwe faciliti« where the prof^ions are 
not strong, specially railroads and the pwtal service, management com^ 
through the ranks and is prof^ionalized in the trade. Because of their 
strong ti^ to profe^ional groups, the work to be done within facility 
systems, often limited to one component of a system, affects the self-image, 
structure, and oudook of the professions. 

Facilities are trimonopolies to the extent that supplier of equipment 
and construction organizations (ship^rs, in the case of railroads) have 
varying degrees of monopoly power. 

That organizations, individuals, and the profe^ions associated with 
them have narrow views of their roles and behave accordingly is not a new 
issue. Disenchantment with highway department bureaucracies and 
telephone and electric utilities is much dlscu^ed, and other faciliti^ 
organizations have been the targets of similar discussions in the past. The 
bimonopoly character of the systems, especially the tendency of manage- 
ment to accede to any labor or profe^ional group demand and pass the c«t 
on to the public, is currently a matter of some rather unfocused debate 
about transit systems. 



PROGNOSIS 

The discussion so far has treated some of the characteristic of public facility 
systems that may be useful in explaining how they work. To gain insight 
into the future of such syst^s, this section will interpret some of the forces 
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wOFking on the systems. TTic dynamic course of systenis, the imtitutions and 
taehnolc^ei u^n which the ^^ems ai^ bas^, and the interplay of the 
^ systems with their nnarketi will dismi^ri. , . 

f ' . - ' ' ' 

The nation is ser\^ by networks of tram^rtation rou^ 
production and distribudon s^en^, wd io on. Thm systeros are in ^ace, 
and for this rewn their users are In 4 rather diffeiint situadon than those 
■ ^ ' who witnerod their birth and powth; 

At the time the ^sterns were spreading to markets, the valu^ of the 
systems tp users increa^d from year to year* The imm «f whether to 
participate in a system evolved m the system grew. The decisions were also 
/ private and individual or collective, depending upon the To 

purchase a telcphonej to buy an automobile, or to have a house wirdd and 
connected for ^eiectricity were private decisions about acc^ to systems. 
Decisions about water and sewage systems were roliective decisions by 
relatively small grou^ of people. Participation in the educadon system w^ 
collective or individualj depending upon the level, To send children to 
J schools was a collective decision mandated by society; iVhile higher 
education was and still is a matter of individual choice. In pondering the 
^ private or collective decisionj choice turned on the cost of participation 
vereus the gains from participation , and the dynamics of systems were such 
that the more who joined, the 1^ cmi to the individual and the greater his 
gain. Systems improved by growing. 

The automobile and the telephone were the rich man's X.oy% \ti the 
early development of those systems; purchasers' coiUy private decisions 
gave access to services that were quite limited. One could buy an expensive 
automobile, but not have many paved roads to drive it on; one could pay 
the cost of a telephoncj but not be able to call many pei^ns. The built-in 
dynamic was the more that joined, the greater the advantage of joining. 
258 The dynamics of cour^ differed from system to system. In the cam of the 
telephone, as the system expanded and as more and more people were tied 
into its lines, the greater the advantage of making the private decision to 
have telephone service. The gasoline tax mechanism cl^ed the dynamic 
^ loop for automobiles— the greater the number of automobile and the more 

miles traveled, the more paved roads were built and the more desirable 
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owning an automobile brcaine. Expansion of electrical service increase the 
reliabtUty of the semce and provided for economic of scale both in 
distribution and production, which fed back to lower rat^ and increaaed * 
the advantage of joinings Al^, the more who were educated, the more 
important an education became to get a job and to other activiti^. 

Now that the nation is ierved by transportation rout^, telephone links, 
school systems, and similar faciliti^, the growth dynamic of the systems 
have largely run their coune, of the nation's ro^ are alre^y ^ved, 
so no dramatic increase in acc^ibility to new areas is likely. Not everyone 
is serv^ by sewage and water systems, but further ex[mnsion of service from 
those sy^ems will be achieved only at ve^ high c^ts. 

But to say that the dynamic pra of growth is over is not to say that 
there is no growth potential lef/for the systems. Higher income and 
population increase continue to affect the systems, as do changes in social 
and economic oranization. Furthermore, if the systems increase productivi- 
ty, this may lower their relative cmt and influence private decisions 'about 
participation. 

The systems perform functions. Might new systems with new growth 
dynamic^ be deployed to better serve those functions? Transportation offers 
a historical example of different mix^ of systems at different tim^— once 
there were only sailing vessels and horse-drawn carriages; later came the 
railroads; and today a mix of transportation ^sterns sprve the public. Other 
systems have also changed, f 

The question of new systems or of major^hang^ in the operation of 
existing systems is a large and difficult one. As far as public policy is 
concerned, it is not a matter that is ordinarily debated, perhaps due to the 
failure of the imagination of interested public and the d^ire for the 
stability of mature systems. But there is some movement, T^ay there is a 
debate on alternative technology systems for the collection and transforma- 
tion of energy and on new urban transportation systems, particularly urban 
people movers, Also, technological development is forcing system changes, 
with, for example, communications technology affecting the evolution of 2f)9 
several systems. 

Broadly speaking, facilities make resource available for society's use. 
Transportation changes the spatial restrictions on the distribution of 
resources; education is investment in human resources; the sewage system 
increases society's resources of clean water. Those who reflect or shape 
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iocial ideas talk of raource limi^. To what extent do these linu^ reflect 
what public facility wywierhB cmn r^sonably do for society? ^£ght new 

, ' public facility ^rstems broaden the raour^ ba^^tertociety? The qu^tion 
vm*t aikrt often, ior th^ involve with facility ly^enu are mostly 
preb^upi^ with problenis of existing systenKqoim»Qnents. 

The futUTO of exuting ^rstems will not be simply extensions of their 

^ past; the feedback loops that have improved performance year by year are 

no longer so itrmg, Hui wgg^ti tbat ^stem usen accustomed^ to annual' 
improvements may see their expectation^ unfulfllM. To the extent Uiat 
those improvements have been a r^ult of ppwth f^dbacks, they are 
complf te and exprotations will not be met. 

Ti^hnolopss md InsiihUims ' 

Turning now to qu^tions of technological and institutional change, it is 
useful to adopt a pcripective of duality betw^n the o^anizations 
themselv^ and the tcchnolopra they use. In that light, the organizatioiis 
that provide public facility goods and service are mechanimis to crrate and 
operate technologic of education, traniportation, water supply, and so on. 
Therefore, 4he litany of problcnii identified for systems may he viewed as a 
list of technological problems or institutional problems, or, more u^fuUy, of 
both. 

The usefuln^ of this perspective can be illustrated with a problem 
mentioned earlier: the high cc^t of providing service in spane or lighUy 
populated markets. The technological view says . that the problem is 
inherent in the technology that achieve lower c^t where dense service is 
provided. Related problems such as the use of cro^-su^idi^ and senrice 
and price regulation are often seen as institutional problems of one sort or 
another and correctable by institutional change. A fuller view might be that 
the problems derive from the failure to actively pursue technological and 
related institutional modes that lower ^^t in sparee markets. For example, 
2(}0 service and price regulation of railroads, which, among other things, 
provides sutoidy from den^ to sparse markets, is seen as an institutional 
failure, and revisions in regulation are urged. The idea that, rather than 
seeking new regulations, the same set of problems might better be 
approached by seeking technologies and institutional change appropriate to 
sparse markets is simply overlooked. 
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The point is that W€ should approach fadliti^ problsms in tem^ of 
both technology and institutiona. To lower costs on branch lin^j the 
railroads need light-weight, low-horsepower loramotiv^ and suitable labor 
agreements aful appropriate management and a^ropriate guideway 
Maintenance technolo^, The compartmentalization :of prof^ionals into 
?grou^ that see either t^ffihological or institutional profelems and solutions is 
'%nost unfortunate. 

The duality plaguy another problem already referred to: that many 
public faciliti^ operate within rather inflexible^ histoHcally determined 
ge^graj^ic boundari^* County 'public works departments, school distripte, 
and railroads face problems due to haphazardly drawi toundari^. Some 
school districts are wealthy; othen are poor. Soni county highway 
depirtments are required to build many expeniive bridj|^; othei^ are not. 

A series of institutional arrangements has been developed to overcome 
boundary problems. As mentioned, in public sactqr institutions, this 
generally involves cro^-subsidy from one jurisdiction to another using 
fund^g formulas. Fi^ciliti^ that arc largely private have worked out a 
varie^ of arrangements for interrelations acrc^ boundaries. 

^ Another view of the boundaiy matter is a technological one: There is a 
mismatch between technologies and the geographically 'bounded institu- 
tions created to operat^ the technologies. The large public university, for 
example, operates an educational technology drawing on a worldwide fund 
of knowledge and seeks students from around the globe who would b^t 
benefit from its r^urdes. So there Is a continuing tension between the b^t 
use of the yniversityyiechnology and the state government'f undemanding 
of its mission. Railroads laid out to operate steam trains now use di^ls that 
can operate long distances, but institutional boundari^ faldfck interchange, 
Arizona finds itself building an expensive bridge on aH intei^tate highway 
to serve as a link through ^Nevada and Utah, one that only barely 
penetrates Arizona, The cure for such problems is to change the geographic 
span of institutions so that they better coordinate their technologies or to 
develop technologies matched to markets, or both. The importance of 261 
matching technology to markets goes beyond geography, of course, for 
markets are composed of organizations and individuais with differing 
needs. 

Turning now to the question of both institutional and technological 
change, three scales of change may be identified. 
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1. Component change— a change in one of the components of a 
facility: the rules under which it operates, the fixed facilities it uses, or its 
equipment In transportation, for instance, speed limits might be changed 
(operational component), or there might be a change in the vehicles using 
the facility and what they carry. 

2. Articulation change— changes in the arrangements that tie facilities 
together across boundaries/ Interties for water or electrical distribution 
systems and intermodality efTorts in transportation are examples, 

3. System change=the orchestrated change of all the components of a 
system or the putting together of components to form a new system. An 
ex^cfiple here is computer conferencing. Computers and programs J 

^tommunications links, and management together permit a new form of 
^ information exchange and decision making. 

#r The nature of systems facilities is such that component change are 
relatively easy, articulation changes come hard but do occurs and system 
changes are few and far between. Changes in components are common 
because of the manner in which the facilities are organized, the character of 
their technology supply streams, and the arr^iy of supportive and 
controlling institutions that tend to ally themselves with components of the 
systems. Fixed physical facilities, for example, are mainly provided by 
persons using construction institutions and technologies; equipment is 
provided by another constellation of actors; and still another group is 
involved in management and protocol matters. As pointed out before^ this 
organization around components is the source of the disjointed incremental- 
ism that characterizes the systems. 

Where articulation is required, change comes much more slowly, for 
consensus is required. Achieving an articulation change depends upon the 
distribution of the gains from that change and the way in which power is 
distributed among facility operators. Change can be slow and easily 
threatened by nonparticipatoiy veto, -as indicated by the adoption of 
l()2 methods for the identification of rail cars. 

I he heavy demands for articulated change reinforce the disjointedn^ 
of compjnents of systems as managers are drawn into negotiations with 
their cornponem counterparts. State highway oflficials meet with each other 
^ and federal ancf local highway officials. They work with organizations such 

as the American AsscKjiation of State Highway and Transponation 
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Officials. They attempt to gain information and solve problems at these 
various levels rather than by meeting with equipment manufacturers and 
persons in organizations that train and license motor vehicle operators. 

Given system disjointedness and the preoccupation of management 
with articulation^ it is not surprising that system change is rare and seldom 
imagined. Neither new systems nor revisions of old systems is on many 
people's agendas. 

This is not to say that system change does not and cannot occur. 
System-changing lechnologies can find footholds in existing component 
markets and force major adaptive changes in other components. The use of 
the diesel engine by railroads is one example; computer-aided instruction in 
the schools may prove to be another. The development of the interstate 
highway was a sufficient technological (and institutional) change in one 
component of the highway=vehicle-protocol triad to induce systemwide 
change. Technological change in electrical distribution or creation of small- 
scale energy systems may change electrical systems. So system change is 
always a possibility, even if system managers do not seek it. 

System changes, particularly those based on technological changes, are 
rarely considered in public debates. When considering change, policy and 
public works planners project demands and ask whether existing systems 
can procjuce the quantities that will be needed in the future. Can the 
capacity be provided to generate projected needs for electricity? Conflicting 
needs then confront each other in the political marketplace, as they are 
doing today. While the planner may deal with institutional change needed 
to answer needs, typically little or no attention is given to the necessary 
technological change. The alternative of meeting projected needs by doing 
something new with radically altered old systems or entirely new systems is 
rarely considered. Public planning that embraces technological change is 
mucb needed. 



Markets ^ ^ 2(k1 

The marker for public facilities is formalized in three ways: as a broad 
contract for rights of access to sei-vicc, as contracts with special interest 
groups for outputs in the form of jobs and markets for equipment, and as 
contracts for service ljc:tween a facility and individual customers at 
particular times and places. Nationally, market negotiations are fixed in 
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part by the state^based senatorial system, but the congressional side is fluid 
among states and within states depending upon population distribution. 
Similar considerations hold within states and within smaller political 
jurisdictions. While one might think that continuing change in population 
distribution would affect the geographical market bargains struck years 
ago, this hardly seems the case. Many features of the systems, such as crom- 
subsidy from dense to sparse markets, were built-in w^n the sparse markets 
(rural markets) were politically stronger than today; yet these features have 
been preserved. 

Perhaps market change is not so much reflected in the statistics of 
population redistribution as by the geographical sorting of groups with 
differ ig social and income characteristics. For example, the concentration 
of the poor in the inner city gives them market strength through poUtical 
representation. In this view, there is a continuing force for change as the 
systems respond to the requirements of particular interest groups. To the 
extent that today's movement to the so-called sunbelt and away from the 
major metropolitan areas continues the redistribution of interest groups, 
there is a future for public facilities that goes beyond simply their response 
to the size of their markets. 

Another market issue is that of the public's confidence in its public 
facilities. The issue is complex, because contracts between the people and 
their public facilities are not simple ones. Any contract is partly written, 
and thus comparatively straightforward, and partly a matter of trust. And 
the contract between the public and its facilities does seem to involve a 
large element of trust— trust that the systems are deployed in the interest of 
beneficial outcom^i ^^nd trust that the pricing and the quality of systems 
goods and services are somehow right A puzzle for the fature is that of the 
stability of the faciUties' don tracts with their publics. This is a future where 
contracts may be made in an increasingly litigious society, a future where 
development dynamics for systems have run their course, a future in which 
mterest groups vsilJ continue to attempt to modify contracts as their basis of 
political power shifts.anH changes, and a future in which no one is charged 
with thinking about how systems are created for social purposes, are co- 
opted by mterest groups within and without those systems, and perform and 
change. 

I lie current debate about natural gas supplies and prices is illustrative. 
Many seem to feci that the public's contract fur access to inexpensive 
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natural gas has been violated. l\mt in the faciHty system has been 
weakened- Solutions are demanded that solve the problem of iricreasing 
resource costs without violation of the contract. The rationality and logic of 
public facilities collide with that of resource depletion. 

Finally, the gap& between prices charged and the costs of providing 
services in dense markets are widening as technologies are deployed to 
achieve economies of density. There is clamor for a reduction in prices (or 
deregulation) by interest groups served in dense markets; facility actors 
themselves may attempt to exploit those markets, especially in cases where 
there Is some competition, such as airline service on dense routes. 
Sometimes new actors attempt to serve those more profitable segments of 
the market --independent parcel and letter services, long-line communica- 
tions outside the^Bell system, charter aircraft, and slurry pipelines in dense 
coal-hauling corridors. Such actors receive political support, for they 
appear to make some people better off without damaging others. Yet such 
development threaten facility systems by threatening the complex web of 
subsidies from profitable to nonprofitable markets created in response to 
demands for access to goods and services in all markets.* So another puzzle 
for the future is the facilities^ abilityao achieve efficiencies and pass savings 
to^jasers while providing more'or less equal access to goods or services 
regardless of the place or time where goods or services are demanded. 

Public facility systems arc not simple. Yet the way in which they 
perform can be explained by reflecting on their structures and tbeir market 
mandates, l^hey are currently responding to forces for change, yet there is 
little efTcjrt to understand the consequences of those forces and for creative 
actors to seek socially desirable change, either through the deployment of 
new systems or the drastic modification of old ones. 



•Deregulation of domestic air transporiatioii is an inforrnativt' c-xrcpUoiL The crtMs^siiteidy from 
profits~on densely traveled routes^ to other rouies appears to be small; moreover, price regulation 
has resulted in frequent flights with lyw average paHsenger loadings. So, the primary effect of 
deregulation may not be to set Hysteni ^cvv^ in sparse niarkets against dense ones, but rather to 
increase the variety of fare and servic e choit es in dense markets. 



Study 
Prqiect 



COMMISSION 01^ 
SOCIOTECHNICAL SYSTEMS 



TRANSPORTATION FOR ELDERLY 
AND HANDICAPPED PERSONS 



In 1970, the Urban Mass Transportation Act was amended to state that the 
mass transportation needs of elderly and handicapped persons are of 
national importance and to require that the U.S. Department of Transpor- 
tation exercise a special leadership role to ensure that their rights were 
protected. This amendment added section 16 to the act, which reads, in 
part; . 

Section 16.(a) It is hereby declared to tx! the national policy that elderly 
and handicapped persons have the same right as other persons to utilize mass 
transportation facilities and service; that special eflforts shall be made in planning 
and design of mass transportation facilities and services so^that the availability to 
elderly and handicapped persons of mass transportation which they can effectively 
utilize will be assured; and that all federal programs offering assistance in the field 
of mass transportation (including the programs under this Act) should contain 
pmvisions implementing this policy, * , 

I he rranspKjrtation Res€jarch Board, recognizing the need for further 
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examination of the issues involved in this area, established the Committee 
on the Transportation Disadvantaged to study problems relating to the 
elderly, handicapped, and economically disadvantaged, including the 
services that various types of transportation should provide and the impact 
and value of transportation programs. 

Historically, transportation planners have designed systems to accom- 
mmlate work trips and the needs of those who have cars^ can afford taxis, or 
are relatively mobile. Little attention was paid to the needs of the elderly 
and handicapped, because these were deemed outside of normal commuter 
needs. 

However, statements of government policy dealing with the transpor- 
tation problems of the disadvantaged have practically doubled over the last 
five years. Special programs have been implemented throughout the 
country, and considerable research has begim. I'he Urban Ma&s Transpor- 
tation Administratioti (UMTA) began and conjinues to support a multimil- 
lion-dollar demonstration program for the handicapped, the elderly, and 
the poor, and has mandated requirements for public transit to ensure 
accessibility for the elderly and handicapped. A mandate by Secretary of 
Transportation Brock Adams takes effect in 1979, and requires ^at all 
standard-size buses acquired with umta assistance meet transbus design 
specifications. The specifications require a" stationary floor height of not 
more than twcnty-tvvo inches, an eflTective floor height including a kneeling 
feature of not more than eighteen inches, and a ramp for boarding and 
exiting. I* 

Lifts and ramps are two devices used for making transportation systems 
accessib^. Lifts are mechanized platforms that are lowered to ground level 
to allow wheelchairs, access to buses. Ramps extend over the steps and 
provide an incline for wheelchairs to enter a vehicle. UMTa's interim policy 
on accessibility for the elderly and handicapped. calls for manufacturers to 
offer optional vvheelchair hfts; and local transit authorities must either 
purchase buses with lifts or provide special services for elderly and 
handicapped passengers. The Southern C'alifornia Rapid Transit Distriq| 
in Los Angeles has ordered 200 buses with lifts that will operate on regular 
fixed-route service; Seattle, Washington, has ordered approximately 80; 
and other transit agencies are taking bids on similar buses. 

The states have also become niore concerned and involved with the 
problems of the elderly and the handicfp|H^, Worida State University, in 
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coordination with the Florida Department of Transportation, the U.S, 
Administration on Aging, the LLS. Department of Transportation, and the 
Transportation Research Board's Committee on the Transportation 
Disadvantaged, along with others, held a series of conferences to examine 
the methods of improving the quality and quantity of transportation for the 
elderly and handicapped. The State of Delaware has organized the 
Delaware Authority for Special Transit (dast) to provide for the special 
transportation needs of its residents, and Michigan has instituted a diaUa- 
ride assistance program. The Bay Area Rapid Transit EDistrict^ the 
Washington Metropolitan Area Transit Authority, and the Metropolitan 
Atlanta Regional Transit Authority all designed or redesigned their systems v ^ 
to be totally accessible to the elderly and handicapped. Those systems have 
installed elevators for moving nonambulatory and semiambulatory passen- 
gers vertically to and from streets, trains, and^atforms. Elevators have 
been equipped with telephones within easy reach of a wheelchair for 
emergency use.- Rest rcK)m f^ilities are designed for use by the handi- 
capped. Stairs and cars have b^n modified to accommodate handicapped 
and wheelchair-bouiid passengerd. Loudspeaker systems, information signs, 
special service gates, fare collection machinery, and elevator buttons have 
been designed to meet the needs of the handicapped. 

Providing totally accessible systems for the handicapped places a great 
financial burden on public transportation systems that are already 
operating with tremendous dcfl^. But is society responsible for providing 
total accessibility for the handicapped in all transport systems? Or are these 
aims better served by separate systems designed specifical^^ for the 
handicapped? These questions are not easily resolvable and the handi- 
capped themselves are split on the issues. 

These questions are also ones of social choice— political issues rather 
than technical ones— and hence beyond the competency of the Committee 
on the Iransportation Disadvantaged. However, the committee can 
examine alternative policies and their probable efiectiveness, including 
economic and psychological impacts on various groups. Thus, the 
committee will examine the various means by which accessibility is 
provided to the handicapped, how to pay for these services, and the various 
ways by which public mass transit can be integrated with social services and 
pf ivate piaratransit. 

Public transit has not adequately met the needs of the disadvantaged, 
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and, therefore, along with its examination of public transit for the 
handicapped, the committee has also examined the potential role of special 
systems. Such systems developed largely as a result of categorical federal 
programs for special social and other services^ and were designed to serve 
specific trips and needs. Many of these early transportation projects v^ere 
funded and sponsored by the Office of Eco^qmic Cigportunity. A great 
many are also financed under Title III of the Older ^ericans Act (which 
established the Administration on Aging)/, thus making the elderly 
important clients of special systems. \ 

Title III, Section 308, (a) of the Act reads, in part: 

The Commissioner may, after consultation with the State agency, make 
grants to any public or nonprofit private agency or organization within such State 
for paying part or all the cost of developing or operating statewidej regiopal, 
metropolitan area, county, city, or community model projects which will expand or 
improve social services or otherwise promote the well-being of older persons. In 
making grants and contracts under this section the Commissioner shall give special 
consideration to projects doigned to . . . (4) provide service to a^st in pieeting 
particular needs of the physically and mentally impaired older persons including 
special transportation and escort service. ^ 

^ A few programs are financed under Titles VI and XIX of the Social 

Security Act of 1965 and involve services to the low=income elderly, 
including those eligible for Medicaid. 

These special systems have addressed the wide range of trip needs 
(^hh the exception of work trips) of the transportation disadvantaged of alU 
ages a;id typ^s. Although some special systems do indeed provide 
transportation to work, their major purpose is access to social service, 
medical programs, and, frequently, recreation and shopping. 

Because of the large population of elderly and handicapped among 
their clientele, special systems are typically characterized by highly 
personalized service, particularly from the drivers. Drivers may escort 
passengers from their homes when it is raining or slippery, help them carry 
■ 70 bundles to and from vehicles, and help them board vehicles. They should 

also start slowly and stop carefully. The transfx?rtation disadvantaged need 
this personalizfi'd service, and they nt-ed it in a form and to an extent that 
goes well beyond the conventional dcKDr-to^door concept of taxi service. The 
key difference is the involvement of the driver and his concern jfor^the 
passenger— the concept of '*handson'' transportation. \ 
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In contrast, in public transit systems (frequently including taxis), 
drivers must meet schedules, are not pc-rm.itted to leave their seats, and must 
operate on fixed routes. Additionally, many transportation vehicles used by 
special systems can accommodate wheelchairs, but none of them meet the 
transbus design standards that will be required of all buses built after 
September 30, 1979. 

Concern for the elderly and handicapped is now international. An 
international conference (co-sponsored by TRB) at Loughborough, England, 
was held in April 1978. The issues on the agenda included governmental 
policies for the elderly and handicapped, and vehicle and infrastructure 
adaptation and design, llie TRB Committee on the Transportation 
Disadvantagc;d participated in the planning of this conference. 

The potentials for improving transportation services for the elderly and 
handicapped involve four major efforts: (1) better 'use of the existing 
resources for these groups; (2) bc'tter planning process; (3) more testing of 
potential innovative techniques, both vehicles and equipment, as well as 
organizational and institutional arrangements; and (4) more research to 
determine how many of the elderly and handicapped actually need 
specialized services, the level of service to be provided (e,g,, simply 
improving access to public vehicles or providing transit systems specifically 
serving the elderly and the handicapped), and so forth. In the long run, 
greater federah state, and local p>articipation in all phases of research, 
planning, innovation, and efficient resource use will be essential if the 
transportation needs of the eldedy and handicapped are to be met 
effectively. 
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Little more than a yea^go, the Institute of Medicine had passed the fifth 
anniversary of itr founding and was engaged in a peri^ of introspection, 
lookrng at where it had been and deciding how it could most effectively 
proceed, ^ ^ 

f A consensus emerged among the members that reaffirmed the broad 
"ieofpe of the institute's chartered role: to find ways to improve the health of 
the public, taking into account all the factors that influence health. There 
was also consensus on a specific pattern of operation that could help assure 
the best investment of our effort and guard against overlooking promising 
opportunities in the formulation of health policy. ^ 

Wc were encouraged to monitor the major areas of the health 
enterprise frorn multiple perspectives so that our agenda could be chosen 
wisely. It was thought important to maintain a continuing effort in each 
health area so as to gaiiT|ubstantive depth of experience. We were urged to 
maintain a high level; of sympathetic understanding of governirient's 
problems in managing Ihe complexities of health programs, but still to 
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^ retain our independent and ability to take constructive initiatives on 

go^arriment poliGi^ and prM^uf^. Our eflTorts should embcace the p^t 

variety of institutions acrb^ the nation that affect the health of the public 

and should not reflect an exc^ive preoccupation with the federal 

govemment. And, as a new function, it seemed d^irable to the members 

that we conduct some studio and adviso^ functions on a very short time 

icAle when important health policy matters require urgent attention—an 

"emergency room" function. 

, I am |T^tifled to be able to report that clear, substantia^ unmistakable 

pT^^ttm has been made on each of th^e points during the past year. Hiere 

is no way to measure with precision how far we have 'comej but there are 

many indications that the diitance covered is not trivial* 

.^I think we u^eptand some of the factois that have enabled real 

progress. The mostjm^rtantj in my judgments is the^willingn^ of institute 

V members and otl^r people of similar abilityi dedicationi and integrity to 

work hard on institute activiti^. It is to me a remarkable fact of life that the 

academy in general, and the Institute of Medicine i^ particular, somehow 

. r.v ' brinp out the best in us. We seem to be 1^ parochial^ 1^ egocentric, Ifes 

ethnocentric. I cannot explain the reactionj but I am grat^l for it, and I 

believe the nation is well served, 

This IS certainly the institute's main strength: being able tp mobilize 
talent in the health community ^broadly defined — and to develop analyses 
of ft^ajor health problems at a very high level of ^ality, unrestrained by the 
'traditionarboundari^ of discipline, specialty, institution, region, and the 
like. The institute's usefulness to society depends on a novel chemistry 
^ among people with very diverse competences. 

It is a source of never-ending^f^ination to me to observe the wide- 
ranging interplay of ideas, i^K)rmation; an^ values one of our activities 
evolves. Information and jud^ient from different perspective begin to fit 
together in a meaningful pattern. Pieces of ^the puzzle come to be 
assembled. The problem is seen collectively in a larger context than any of 
27(» us individually had seen it tefore. More, variables are taken into account. 

Mutual respect emerges among people of very different backgrounds.' 'The 
assets ^nd limitations of various data sets and of various policy options are 
better Understood and fairly stated, _ 

So it goes, Not always. Not easily. %at usually— and with great 
stimulation=^we learn from each others' broaden our horizons, and produce 
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an analysis that clarifltt **the facts about the facts," the problems that have 
to be fa^^i ancl r^sonable ways of coping with them. 

Aided by this extraordinary process and the people it engage, the 
institute in its a^enth year has matur^ to a point at which one can 
reasonably expect it to berame a ^cial institution of lasting and exceptional 
valtie. Like the Nadonal Academy of Sciehc^ and the National R^earch 
Council--and in ^me ways distinctive in its own right— the institute is a 
social invention that int^rat^ special strengths of the private sector and 
the publi^^^ector of American society. In the d^^d^ to comci it should be 
one of the^kicipal source of dependable information, t^asoned anal)^iS| 
and broadly integrated pei^pectivra on. the complex and vital matters of 
human health and m\ 

^ ^ Sych an enterprise \^mld never he easy, even with tbg g<wd fortune we 
have. Let me mention heF^ a few of our problems. We still miss 
Qpportuniti^ to involve meml^^who could help greatly in identifying, 
clarifying, and even solving signiflcafttshealth problems. We have wotted to 
remedy that situation and can see some gains. Inter^ting and useful ideas 
have emerged in r^ponse to my yearly lettei^ to every member, inquiring 
about their current interests and preference concerning institute activitie. 
Our recent rcojrganization into six ogeraiional divisions, each with its o\yn 
ad viso^ committee, will engage more members than ever could be enlisted 
in project steering committees alone. But we must think of more ways of 
getting the right person into the right niche of our program at the right 
Jtime. 

The chronic scp^ity of "hard" money is a basic flaw of Our institution. 
Heavy dependence on federal government funding, project by project, is 
feasible but pose many problems. The availability of flexible funds offers 
several advantages: peater institutional independence- fostering of internal 
creativity, the ability to initiate our own studies, sup^rt*for a "running 
start" on urgent issues, and the maintenance of a reasonably stable, highly 
competent staff, reliably available to help both government and private 
institutions. ' ^ 

So far we have teen blessed with flexible support from a nUm^r of 
private foundations, which has been crucial to the building and shaping' of 
the institution. More recently, the support of these foundations has made 
possible an increasing diversity of staffs from the biological and behavioral 
sciences, clinical medicine, public healthy and* public policy—all key senior 
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appointments 'that we could not othenvisa have consideml. It is deeply 
satisfying to be able to report that our pr^nt philanthropic bulwarks and 
also other foundations have mently reafArmed or newly expr^sed their 
confldence in the institute. Tliey have given us great encouragement, as 
have the principal federal health a^nci^ and other uniti of the executive 
branch and the relevant conraiitte^ of Conpe^. 

Th^ many recent manif^tations of confldence in our future are 
enonnously heartening for now^ and perhaps also for the long tenn. But 
there is no doubt in my mind that the institute would be on a much sounder 
' basis for making truly fundamental and lasting social oontributions if it had 

^ a solid core of pennanent funds. 'Vhink what an endowment of $10 million 
T would do. T^ii is surely 4 small endowment by the stwdard of social 
institutions of un value ^ but I regret to say^ is nowhere in sight for the 
Institute of Medicime. 

Beyond greater engagemeni of our membet^hip and ^tablishing the 
mc^t suitable financial underpinningj there remajjis the problem of liow 
effective we are. Policy r^arch efforts are sometime regard^ as 
producing reports of doubtful value, of conducting redundant conference, 
or of other sucfrshortcominp.^ 

Not so the institute's efforts^ we like ^ think. But to reduce the nagging 
po^ibility that our program activiti^ are 1^ than fully effective, we are 
taking additional steps to increase the likelihood that our product will be 
socially useful. ^ 

The very careful consideration gK^en to the substance, format, and 
timing of each project — by our divisional org|^^ation, program committee, 
and governing council— is calculated (6 assure that the pr^^ct will help to 
, answer significant qu^tions using the institute's unique strength in 
membership and staff, | 

The range of our continuing contact with sectors of the federal 
government concerned with health is being widened and made more 
systematic, so as to produce rea^nable confidence that our activiti^ will be 
278 taken seriously in Washington, There is much evidence that this effort is 
going well, ^ 

To reach the big country beyond Washington, we have begun several 
activities that will help us learn from the many and varied nonfederal 
institutions with a health role. Several study groups acro^ the country have 
been created by the institute in order to recruit regional competence on 
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specific imum. We mlio are exten^ng, with the enthusiai^ support of a 
private foundatioiii a project that began M a mod^t speaken' bureau and 
now will become open forum programs on health policy problema. Guidal 
to agendaa of re^onal relevance by advisory committer that know the 
territory, the forums are expected to provide a more extensive and 
systeniatic exchange with institute members and with oAers throughout the 
country. The forums are intended to help us more readily understand the 
real nature of health problcnis acr^ the nation, while at the same time 
making our report more accessible and more useful to state and local 
policymakers. 

For generations, improvements ia nutrition, sanitation, biomediral 
sciences, ^nd health profc^ional skills have taken theMjcthal sting from 
many disease in many parts of the world. But today's longer human life 
span, colnpounded by drastic change in the conditions of life, highlights 
chronic and debilitative diseas^j accidental injuria, Bnd mental illn^i 
Indeed, the pattern of our diseases and the various burdens of illn^ have 
changed remarkably in the twentieth century. The contrast in disease 
patterns between industrialized and developing OTuntrira is striking 
throughout the world. We have made much progr^j but we still carry a 
heavy if diflTerent burden of illn^. 

The problems of healths and of health policy, have much to do with 
the immensity of the transition that our sp^ci^ has brought about in the 
period since the industrial revolutions and *especially in the twentieth 
century. In a mere moment of evolutionary time, we have drastically 
transformed the world of our ancestors— from the intimate, slowly changing 
societies of hunters and gatherers^ through small and simple communities of 
agrarian culture, to today's large, crowded^ impersonal, heterogeneous, 
rapidly changing world in which we are barely beginning to learn how to 
live, , 

It is now our very difficult task to invent solutions to problem$ that are 
largely unprecedented in the history of the s^ci^. It is useful to see our 
health problems in this larger context, Issu^ of health and disease become 
commingled with such other concerns as resolution of conflicts, equitable 
distribution of limited resourceSj preservation of the environmentj and the 
quality of human relattonships. 

Science can help a great deal to resolve these difflcult matters. But for 
true effectiven^ in meeting these human predicaments, science and the 
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aciance-ba^d prof^iona must move l^ond their traditional boundMi^ 
and Mablish a domain of mutual undentanding, OToperationj and joint 
innovation rarely achieve in the past* ^ 

1 flrmly believe that the Institute of Medicine will, in the remainder of 
this cenmry* make a signiflcant contribution to the iucc^rful pa^L^ of this 
historic tran^tion. * 
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MEDICAL EDUCATION AND THE AGED 



Americans over the age of sii^-five makd 'up only eleven percent of the 
population, but amount for nearly thirty ^rcent of the nation's health 
spending. Their share can only go up; some flfty yeai^ from now, they will 
constituta seventeen percent of the U.S. population. 

It*s not that the elderly are nec^arily afflicted with disease unique to 
the condition of being over sixty-flve. With some exceptions, the disease 
found in the aged population also occur in ^e younger decades of life, 
Many disease, however, appear with greater frequency in the elderly, 
particiUarly the chronic disease. In addition, the coui^ of many common 
disease become logger and more severe with advancing age. 

An increasing b^y of medical knowledge is bringing wider acknowl- 
edgment in the United Stat^ that the health problems of the elderly are 
different from those of other age groups, because the elderly have reached a* 
point of human development at which their reactions to disease are 
different. The same concept at the other end of life's spectrum f^tered the 
Specialty of pediatrics. 
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With or mthout specialty d^gnatigns, the attention of health care 
prof^rioimls to the needs of the ag^ has r^ulted in more edurational 
propams for physicians and other practitionei^ in Europe than it has in the 
* United Stat^. A 1977 tabulatio^ indicated ten endowed university chairs of 
geriatric medicine in Britain^ for a population of 60 million. Only recently 
has the first endowed prof^orihip of geriatric m^icine been established in 
the Unit^ Stat^ (at Cornell Univereity College of Medicine), \for a 
population of mor* than 200 million. Robert Butler, director of the 
National Institute on Aging, ^imated in 1976 testimony before a U.S. 
Senate special committee that fewer than 15 of the roughly 25,000 faculty 
membei3 of American medical ^hools could be ^id to have a "genuine 
experti^" in geriatriq. 

At the requ^t of the National Institute on Aging, the Institute of 
Medicine undertook in the fall of 1977 to conduct a study whose flndinp 
could facilitate the incorporation of knowledge about human a^ng in 
medical ^ucation. ,The project is planned to extend over a one=)%ar period.. 
At the outlet, the study will define the are^ of knowledge and r^earch 
on aging and human development that are relevant to medical <^u^tion, 
and then determine the extent to which that knowledge and raearch are 
currently incorporated in medical education programs. 

The study also will include an examination and ^s^ment of different 
ways in which knowledge in geriatrics is, or can be, conveyed to medical 
students j physicians in r^idency training, and ex^rienced practitioners. 
Another task will be the review of potential methods for developing^ the 
faculty needed for education programs in aging. And extensive consider- 
ation will be given to the function of and requirements for r^arch in the 
development bf medical curricula, .clinical training, and continuing 
education programs about aging. i 

The study's findings and recommendations are expected to a^ist in the 
shaping of polici^ for the support df training and research prop'ams to 
enhance medical care directed specifically at the n^ds of the elderly. 

Two earlier activities of the Institute of Medicine have contributed to 
the background Of information that encouraged the undertaking of the 
pr^^t study. In 1976, the institute cosponsored— with the Royal Society of 
Medicine in London— an Anglo-American Conference on Care of the 
Elderly. The conference was directed to problems as^wiated with decline of 
functional ability in the aging population, and, as a side-effect, pointed up 
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the disparity tetw^n the Unit^ Kingdom and United Stat^ in miedical 
^ucatioh and he^th care pr^mms for the elderly. 

A follow-up study on the ronfereBfce sifted the infomiation pro^dded by 
the entii^ program of speaker in oraer to find poli^ initiative that would 
be relevant for U.S. appUcadon, 

Among the reasmmandationk of that study wm Ae o^don of a 
pr^mm of federal financial suppwt to pay for long-term care for the 
fun^onally dependent eld^ly and t© develop a pro^un of long-term care 
sendee that rauld help the Mfrtnciari^ to remain In their hrane or 
communid^. 

Study oa the InooFpoimtbQ of Koc^de^ About Human A^og in 
M^cal ^uoLtion, Study O^airmu, Paul B. Bmmm of the Vmmm 
AdminisMtion Ho^ital, Settle; Project Wt^tor, Pet^ E. Dm. 
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NATIONAL ACADEMY OF SCIENCES ^ 

Created by a congr^ional charter signed by President Lincoln in 1863, the 
National Academy Sciences (nas) is a private, honora^ society of 
scientists and engineers, dedicated to the furtherance of science and its use 
for the general welfare. Although the academy is not a federal agency, it is 
called upon, by the terms of its charter, to examine and report on any 
subject of science or technolo^ upon requ^t* of any department of the 
federal government. Whether contracted by tfce federal government or 
supported by private organizations, analytical studies are conducted by 
committer established in the Institute of Medicine (iOM) and the National 
R^arch Council (NRC). The latter is the ^'operating arm" of the Academy 
of Sciences and of the National Academy of Engineering (NAE). 

In addition to its scientific advisory activiti^, the NAS awards medals 
and honoraria, publish^ reports an/fme journal. The Proceedings of the 
National Academy of Scimces, organizes/symposia, arrange U.S. participation 
in international organ^ations anrf^ programs, and— on occasion— i^ues 
public statements on matters of importance to the scientific community* 
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NATIONAL ACADEMY OF ENOINEERINO 

The Nadonal Ac^raiy of Engin^ring Wms ^tablish^ in 1964 under the 
charter of the National A^dmiy of Scien^ ai^ai\ ^enti^ly autonooious 
organisation of outstanding engin^n. hae elKts ite own mraben and 
ihami r^pondbility with the Nation^ Acadony of Sdenc^ for serving the 
goveminent through the medium of the National R^ean^ GoundL 
kE alfo conducts sympoiia, publkh^ ipecial reports, partidpat^ in 
international activiti^, and awards m^als. 

INSTITUTE OF MEDICINE 

The Institute of MMlicine was chart^^ by the Natio^ Academy of 
Science in 1970 to deal with problems a^odated mth^t^'ad^uacy of 
Viealth service for all sectors of society. Through itt ^wn ramimttee 
itructures the institute mnducta stutf ^ of policy i^u^ and problems related 
to hralth and medicine. It i^^ position papers for public ransideration, 
cooperate with the major scientific and prof^ioilal soded^ in the field, 
conducts symposia, airt disseminata inforaiation to the public and the 
relevant prof^ions. 

THE NATIONAL RESEARCH COUNCIL 

^ The National R^arch Council, which was ^ablishad under the NAS 

charter in 1916, is now organi^^ to indude both multidis^iplinary 
commissions and ^embli^ organize along disciplinary lin^— thereby 
enabling it to r^pond more effectively to the increasingly complex 
problems facing American society today. 

The major units of the Research Council are) the A^mbli^ of 
Behavioral and Social Sciences, Engineering, Life Scie^c^, and Mathemat^ 
ical and Physical Science, and the Commi^ons on Huma^Resourc^, 

288 \ International RelationSj Natu^ Resource, and &idotechnicd ByBtttm. 

The a^mbli^ are concerned with fundamental sdentiflc and technic 
qu^tions, the vitality of the national scientiflc endeavor, and tho^ nadonal 
problems that may usefully be addr^^d within the scientific or engineering 
disctplin^ repr^ented in each a^mbly. The commissions are specifically 
called upon to deal with complex multidisciplinary problems. 





The work of the R^earch Coundl is overs^n by a Ooveminf Board 
ttat is made up of leven member of the nab Gouncil, fotir members of the 
NAI Coundl, and two members of the lOM CoimciL IHie Chairman of the 
Governkig Board, who is the prindpal adminirtrative officer of the NRd, is 
the elwt^ Pr^i^nt of the National Ac^emy of Sciences; the Vice 
Ghaimian of the Govemmg ^urd is the el^ed Prmdent of the National 
Academy of En^n^ring. Members of the aMmbli^ md commissom ue 
atqxHiit^ by tte Chiurmu of the HRC for five-year and^four^year ^nS| 
r^pectively. Each yMr, the aMcmbli^s the rammi^ioms and the Imtitute 
of M^dne prment thdr annuid pr^ram plam luid projected ex^nditur^ 
for the coming year to the Governing Board for approval. 

Through the R^earch Coundl, the acad^^^ mm able to enlist the 
talents of a very broad repr^ntadon of the nation's leading sdentiM and 
enginem and oth^ naembers of the scholarly and profe^onal cmununiti^ 
to supplement their own memtershipi. Altholigh the academic rely 
primarily on the appoint^ committ^ to r^pond to^i^u^ for advia 
from the . federal govemmentj all cranmitt^ reportt we subjret to 
independent review by a Report Rwiew Gommitt^ made up of membei^ 
of HAS, HABs and lOM. Institutional r^ponsibility is ^uredi alsOj in the 
procedure for salecting and appointing committee members^ all of whom 
arc subject to approval by the Chairman of the nrC, as well as by the 
r^pietive a^mbli^ or commi^ions. At the pr^nt timcj about 7,500 
iildviduals serve, without compensation, on some 800 committe^i boards^ 
panels, and subcommittee, the costi being met through OTntracte between 
the National Academy of Sciences and the government and private 
foundations. * 

Appendix B of this report lists recant reports by the National R^earch 
CounciL T^e listing illuilrate the nature and diversity of the problems and 

i^ues addressed by the Research Council in 1977. 

■ I 
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ASSEMILY OF BIHAVIORAL AND SOCIAL SCIINCES i 

CommofrPrQcessis m Habitual Substanci Abuse: A Research Agm^. (Committee on Substance 
Abuse and Habitual Bahavior; 39 pp.; available from the committee; supply 
limited,)' 

Omtmmify' Riaatons to the Concorde: An Assessmml of the Trud Period at DuUes Airpart 
(Committee on Community Reactions to th^ Concorde; 17 pp.; avdlable f rom 
committ^; supply limited,) 

Ener^ Conswnptim MioMtremem: Bm Needs for Public Poli^. (Committee on Meajurmetit 
of Encffy Cbmumption; 122 pp.; available from' Printing and Publishing Cfflce, 
National Academy of Scien^; ISBN 0^309-02624^5; $6,50.) 

Emirmmmal Monitoring [VoL IV of Amlydcal Sh^ies for the US Emnrmrmtai Proiatim 
Agen^^. (Joint project— Committee on National Statistic and Numerical Data 
Adviioiy Board, A^mbly of Ma^thematical and Phyiical Sdenra; .^d Envif^n- ' 
mental Studio Board, Commi^ion on Natural Rmurc^; 194 pp.LoCailable from 
Printing and Publishing Office, National Academy of Scien^; ISM^^ 3W^2639^3' 
$7,75;) ^ 



•Imports from the Printing and Publishing Offl« are available from the Printing and Publiihing 
Oftte, National Academy of Scienra, 2101 tonstinition Avenue, N,W,i Washi^oni D.C 
20418. For National Technical Information Servi^ (khs) rfy^m; write to the National 
Technical Infonnation Sem^, Springfield, Virginia 22161. For reporte available horn a 
tommitt^, write to the committee, National Academy of Science. Other report are available 
from the »urc^ noted. Pric^ and availability iubject to change. ^ 
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Fimdmm^ R^^pf^ mid Ihi Pnxiss of E^mii^. ^^^iminittee on Fundamantal ^R^e^^ 
Relevut to^umtfon; 126 pp.; a\^ilmbi€ from the OTmmitteei lupply limits.) 

Gmdiimds fir Pnparu^ EmnwmT^mtal ImpM SkU^fm^ m Nouf. (Working Group 69 — 

\ Eymliiati9Q^^ Environmcntml Impact of NoUe, Committee on Hearingi Bioacoiiitia, 
nd Btm^^ui^; 145 pp.; a^ilmble Offl^ on Noi^ AbatOTiant mnd Control, 
U.S. Environnient^^rotection Agency, Wa^nponi D.C. 20^W.)^ 

Npui AkUmmi: Fdi^ AiUrmtivis for Trmuporta^ [Vol. VI 11 of Amlytical S^iis fw tke 
U,S, Efwifrnmintal Fwiictim Agifwy\ (Gommittee on Appraiial of Societal Coim« 
quench of Tmnsportation Nobe Abatement; 206 pp,; available from Printing and 
Publliliing Offi^, National Acadany of Scienm; ISBN 0-^-02648^; 1^.000 
^ Op^cei Propiftiis and Vismi Effkts of Fms Masks. (Gommittee on Vision; 8 pp.; available 
- from the ^mmltt^; supply lim<t^.) . 

Piwmmg md Coordin^im of thi P^lirai Statistics System. (Cbmmittee on National Statistics; 
35 pp.; avmilable h^m the c^immitt^; iupply lin^ 

Spfih UnSers^ndkg ond A^g, (Working Qroup 55— S^^h Undemanding ^d^ging,^ 
Coinmitt^ on Hearing, Bioacousti^, and Biomecnanif^; 22 pp, ; available fronf^the 
^mmittee; supply limits.) * , 

Submtimmi SkUutUs and Fedirai'-Slate Cooperativi Sji^tms, (Committee on National 
Statistic; 2S pp,; available from the rammittee.) . ' 

UruUrstamting Cmti: An EiMduation of the National Instil of Law Enfone^uni and Crimimd 

. JusHci. (Committ^ on R^earch on l^w Enforcement and Griminid Justice; 260 pp.; 
available from Printing and Publishing Offlcej National Academy of Science; ISBN . 
M09^02635^0; $12m) 

ASSIMILY OF iNGINllRING 

Advamid Gas Turbine Engine DiViiopmmL' The- Potmtial Role of ifu NASA Lmns Research 
Center. (Aeronautics and Space Engineering Board; 37 pp.; available from the 
board.) 

Dmlopmenl Seheddes for Vehicie Ener^ Storage Systems^ (Committee on Advanced Energy 
Storage Systems, Energy Engineering Board; 19 pp,; available from the committee; 
supply limited,) 

Federal Research and 'Deveiopmeni for SateUite Communications (Committee on Satellite 

Communications, Space Applications ^ard; 33 pp,; available from the b^rd.) 
Modeling and Simulation for Engineering Manpower Studies. Proce^ingi of a conference* 

(Board on Engineering Manpower and Educayon Policy; 157 pp,; available from 

the a^embly; supply 1 united.) 
Operational Software Mana^emmt and Develo^ent for U.S. Air Force Com^Uer Systems, 

(Committee on Operational &ftware Management and Development^ Air Force 

Studies Board; 80 pp,; available from the board; supply limited,) 
Prioriiies for Resmreh in Marine Mining Technolo^. (Panel on Marine Minerals Technology^ 

Marine Board; 72 pp,; available from NTiS; ADA^042 359; $5.00 paper/ 

micrc^fiche.) 



AP#INDIX B. 



' \ * Qmamttm m Tunndii^ T^tool^y; 22 pp.; avail^le fr^ to eoBamitteg; wpply 

i ■ ^ ' * , i^t^.) ' \ - , i y 

i ^ ^ Bmtw off A^M^ off Un In^iU flf Tikmmamw^m Sc^is, off^^'^^smmm^mSf 

D^fmmi qf Conauf€i. (Pand for the Office of Td^raagatmi^tioos Study* ^ 
Gemmittm on Tel^pm mijm ^tjQng' 8 pp^ a^^ulable fcmi tii€ eoDuoittes,} ' 
* Rmmif effAi Plm ffor ViM M^mrmmis D^nition mi SysUm ArMi^iFw ^m$8 ef i/UFu^e So^U 
1 = SMyffi^ AdmmistmMi Fmrns. An Interim Report (Panel m SiA Data Muagmwt, 

, Gommitt^ on Tel^omnumoido^; 1 1 pp.; availmble frm the ODmmittee.) 

BeUs ami Mmim off the Trmi^Cfta^m S^sUms dn^ off D^mlmmU off Tr an^oria twfL 
(Gommitt^ on Tmnqsoitation; 17 pp.; mv^iyble from the committee; Mpply 
' . limited.) 

0 Saffi^ off Dms: A- Rmsw off ths Frogrm off U.S, Bwmm off RMkam^m ffor Ai Saff^ off 

Emsting Dams. (Gooimittee the &fety of Dmnis; 70 pp.; avmUmble from the 
eommitt^,) \\ 
Sd^i^ Amwiuid Bibiiogn^fy on Tic^slpff^ md HmUh Csrt. (Gmimittee qn Technology 
and H^th Care; 21 3 pp. ; out of print.) 
^ ^ « ' Siiic^ hsuis of Thefmal Engj^ Cm&mwn Pmgrm. (Pimel on Omm T^mnal 

Energy Gonvenioni Marine Board; 53 pp.; available from t^e Departbnient of 
Energy.)^ 

Tiii&mmmUraimu\ffor A4MropolUan Areas: NmP^Tlmn md Ofipor^iti^, (Steeriog 

Committee for the Mempolitan ^mmunicatio^ Systms Study, Gommin^. on 
Tele^mmusicationi; 78 pp.; available from fms; PB 265 960; S5.00 paper; 
microfiche.) ^ 
' Venfimtim off Fur#rf Offshori OH and Gas P^fforms. (Paml on Gerttflcadon of OffUiore 

Structure, Marine Board; 84 pp.; available from the boi^; luppLy limited:) 

ASSEMBLY OF UFE SCIENCES 

^ *^ A^y Rank and SubsiquM M^taii^f by Cause: 23'Yea7 F(Mow-up. (Medici FoUow-up 

Agency; Amemm Jourmd off Epid^wio^f June 1977 • reprint available from the 
; ' agency,) ' - 

Arsenic [Medici and Bioiogie Effects off Enuimynmiai PoilutarUs], (Subcommittee on Anenic, 
Committee on Medical and Biolo^c Effi^ts of Environmental Pollutante; 339 pp.;^ 
available from Printing and Publishing Offi^, Nadonal Academy of Scien«; ISBN 
, 0-309-02604^0; $13.75.) / I 

292 Bioiogie Effects off Eiec^c and Magtteiw Fieids Assoekd^ wUh Prtpos^ Pr^ict Seaffam | 

(Committee on Bioiphere Eff^ta of Extremely IjOw-Frequency Radiadon, Division 
■ ^ ' 'of Medical Science; 451 pp.; available from Naval El^tromc Systems Gommand, 

Department of the Navy, Washington, D.C. 20360; PME 1 17=214; supply limited.) \ 
0 ' Carbon Monoxide [Medicai mid Bioiogie Effects off Envirmmentai Poiiu^tts], (Suhcommitt^ on 

Carbort Monojddej Conimittee on M^cal and Biologic Effect of Environmental 
* Pollutants; 246 pp,; available from Printing and Publishing Offl^, National 
Academy of Science; ISIN 0^309^02631^8; $9.75.) ; 



ERIC 



APPENDIX B 



^usdif^ims of HiM MmitfihCm AMjfsis for AMties Itwoimr^ lommg MadMn &pmfe 
mdAkm^BiM [KA 520/^77-003]. (A^da^ ^nipaittet on ^ ffiologi^ Eff^U ^ 
ImUof Radimtiims; 1^ ^4 m\^lmble horn Ofllce <rf. Radiation Pr^imms, vs. 
Envirooment^ ftot^tioiLAgancy, Washington, D,C. ^0460; AW-^W.) " ^ 

€^p^ md Bid^ Effms of ^mmmiiml.fdi^as], (Sufc^Mimitm m Cc^^, 

Gommitt^ m and Biolc^c Effee^of Envirpnnra^PoUu^^;;115 pp.; 

available Printing and Publi^ing Offi^, Natio^ A^demy of Sden^; iMfi 

^W0M>2536-2; 17.00.) \^ 

Drmkmg Wmr mi HmM, (S^a Drinking Water Goimnittee, AMsovy Cmm <m 
Tosdeology; 939 pp.; available frraa Printing .and PubU^ung Offl^, Nation^ 
AoidOTy of Sden^; liBN 0-30M2619-9; $20.^^^^^ 

An Ewahi^m of ^ Csrmogmmfy of ChMMe mid H^ashior^ (P^eide Infomiation 
Revie>Y and Evaluation Comniitt^; available from the U.S. Envirmm^tal 
Protiedm Ag^cy, Offioe ci Publk A^^eQ«, 401 M BtrKt, S.W., Wa^ngton, 

n n ;?n4TO; impply llmitffri ) _ 

Fadors Rildud to ^rvwal Foi^mng Resi^on fm CmPtk C&r^mm, ( Mg di ^ ^oUowrup 
Agency; Csnm^ September 1977; reprinte available from the agency.) ? 

Fin ^oxicoio^: M^hods for ^ahmtiim of TwM^ of Pjmfysis md ^%bumm ProduOs, Riport 
Nmtber 2, (&nMnittee on Fire Toxi^l^, Ad%wry &nter on To^dcolo^; 39 pp.; ^ 
available from jms: ADA^04a 899; $4.50 paper, $3,00 miwflche.) 

Foiit AM Bmhmm^ and P^mk^ in Rikim ta ths Hunm Ni^riUan R^rmM, 
Proc€uimgs of a Workshop an Hwnm Folak Riqmrirmnis^ Jmi 2-3, 1975. (Food and 
Nutrition Boards 305 pp.; available from Printing and Publishing Offii^, National 
Apademy of Sdenc^; ISBN 0-309^2605-0; $13.50.) 

Thi Fu&ffe of Animah, Ceils, Models, and Systems m Resmch, Dmio^nmi, EAwatimh mi 
Tisting. Proeeedmgs of a Symposimk Odober 22-23, 1975. (Institute of L^ioimtory Ammal 
R^urra, EHvision of Biological Scienra; 350 pp,; available from Wnting and 
Publishinf Offi^, National Academy of Scienws; ISIN 0-309-0^3^2; $9,25,)^ 

informing IVorkers and Empl^m abaui Occupaiim^ Carwm (Committee on Public 

Information in the Prevention of Occupational Cancer, Division of ''Medical ^ 
Sciena^; 4r pp ; available from Nns; PB 269 599; $4:00 pa^; $3,00 miOTflche.) 

Iron Nuinturi in Adolescence. (Committee on Nutrition of the Motiier and Pr^chool Child; 
Food and Nutrition Board; 10 pp,; available from Public Health Servi^, Public 
Health Administration, Bureau of C^mmiinity Heal^ Service, Rcckville, Md, 
* 20857; HSA Pub. 77^5100,) 

Labcrato^ Animal Mmmgement Rodmts. (Committee on Rddente, Institute of Laboratory 

Animal R^urc^; ILAR News, Spring 1977; reprinrf^available from the institute,) 293 

Labmtofy Animal Management Wild Birds. (Qommittee on Birds, Institute of Laboratory 
Animal R^urc^; 121 pp.; available from Printing and Publisfung Offl^, Natioiml 
*K Academy of Scien^; isiN 0^309^02621-0; $7.75,) 

Laboratoiy Indkes of NMtimal Stams in Pregnan^: Swnma^ Report, (Committ^ on ' ^ 
Nutrition of the Mother and Pr^hool Child, Food and Nutrition Bo^; 23 pp.; 
'available from the board.) i / 



291 



\ 



Ma^Uritim md Jwmmi ^^ug [VdL 7 of Km Fma^tim Sims]. {Buhs^m^m m 
Nutrifira and Infeee^n, C^omitt^ on Internatioiya Ni^trition Pro^ii^IM^^ 
^ / ^ of Biolbgiod Sdtn^ Pood and Nuttition Bwd; 487 Mn^ ¥o^; 

mN p=89WH-06fc5| out of print) ^ , 

h^B^mif m Bam Nmohgw mid Commmmti^ S^imm: PmM^^ims ^ Aim 
^mma^ RepsvL (^mmitt^ on T^qhing/R^^r^ l^mpow^ Nee^ m Bade 
* Ncupol^e and GoimnuAi^tive Sden«,- Es^irm^i N^^^ 57t^\^^eX\ 
rgprt will publkh^ ss an NWOTS Monogm^ by the Govmunent Printing 
Gmee in the gring o! 1978.) 
Thg Nqtmai CmHrfir Tmmlogu^ R^mrch: ^^mtmi of lis J^gmL ( AdvisOTy C^ter 

onToxi^l^; 154pp,; wiU beavail^lcfroinN^sO ^ 
NitTDgm OMes \MMml mid Bioiogu Effkts of Emnri^^UgJ P&^mits] , (Subeommitt^ m 
Nitron ^d^, Cbmmitt^ on and Biologic Effectt of Eftvifomn^^ 

' PoUutei^; 340 pp4 a%^ikLbia !Prin^^ and PuUi^u^ Q»e, N^onal 

AcadOTiy of SdenOT; ISBN 0-309-02615^6; 113.25,) 
Ozom mtd Othir P^u^ekmiml OxUmU [M§d^ and Bioiopc EffsOs of Bwmmmiial 
Polh^tu]. (Sub^nunitt^ on ^^ne and Other Photocbemi^ iMdan^ Oommittee 
on M^cal and Biolc^c Effws of Envircinmenyd^ PdUututt; 726 pp.- av^able 
from Printing and ^bli^ing Office, National A^cmy of M^eei; ISBN 0-309^ 
J 0253M;$18m) ^ ' ' . 

^ Fiki Siudiss m thi C^mU E^mtm of Namtif AfUsgmu^. (GMoflaitM on the C!(ni^ 
Evaluation of NarOTtic Antagoniste, Division of Sdenc^^ 2 volume; 

^ , available from NTlS; Vol I, 103 pp., PB 270 568, $5.50 paper, $3.00 mlwfichc;VoL 
11, 295 pp., PB 270 569, $9.25 paper, $3.0) microfi^e.) — 
Plmnwn-Gmup Metals [AMicai (md Bwhgk Effecti of Erwifmmmmi Poiiukmis]. (Subcommit- 
tee on Platinum-Group Metals, Gommitt^ on Mediod and Biol^c fiffecti of 
Environmental Pollutants; 231 pp.; available from Wntii^ and PdbUshinf Offi^, 
National Academy of Science; isbn 0*3OT-02J^7; $9,75.) 
PfidicUng Dependmi Liability of Siimilmt DipmMt Dr^s. (Committee on Problos^ of 
Drug Dependence; 328 pp, ; Univenity Park Pnsi, Chamber of Gomm^^ Building, 
Baltimore, Md. 2120^; ISBN 0-839M 147-9; $19.50.) 
Preitmina^ Staimmi ofth£ CcmmitUi m Biospfme EffkOs of Extremfy Low Ffiqiimgi Radiatim, 
(Committee on Biosphere Effects of Extremely Low Fr^uency Radiation; pp, IV- 
1 06"! V- 1 09; available from Naval El^tronic Systems Command, Department of the 
/ Navy, Washington, D.C. 20360; PME 117-214.) 

PHmples and Procedures for Evalmting the Toxidty of Household Stibstmees. (Committee for the 
^ Revision of nas Publication 1 1 38, Committ^ on Toxicol^; 1 30 pp. ; arable from 
Printing and Publishing Office, National Academy of Science; ISBN 0-309-D2644-X' 
, . SiOO,) ^ ^ ^ 

Pubiic Infommtion m the Prevmiion of Oceupatioml Cancer. (Committee on Public Information 
ih the Prevention of Orcupational Cancer; 219 pp.; available from Nni; PB 265 
650; $7 J5 pa^r, $3,00 microfiche.) 

2 J. 2 



j4 Bmim of Um &f lammg R^afyn for Utt TrMimii of Bmgn Dism^ Vdume L 
(Coiunjnee to Rt^ew the Use of ImMng Rmdiation for the Tiunrait ol Benign ^ 
^teas^ DivUoii of Me^^ Sde^esi isW publicmtion (fda) 7^8043, Sept^lw 
197?; 60 PP4 m^^able from the uj/*^iveniment.Printiiig Office, Wathm^oiD, 
D.a;0tW)lS=O0I41-5;t2.1O.) ' . . 

Ssdd! imif Bdmi^^ Cm^Ms of Smusfid Bn^ig m Nofdusnm J^imaie ^imtiis, S^ninmr lit ^ 
the November 1§76 meeting of the Americ^Ln AModation for Labomtoiy AnimEl ^ 
Seiefiee. (Ifiitjtut^ of.Laboimtory Aninml %mour^\ Laborata^ Anmal Sdmee^ A^pist 
1977, Pippiem^t; r^rinte pivdl^la from the instituteO V 

Sk^tmmt of the Committ^ on MUU^ ^mrmi^nmUU Resea^h on the Sta^ of R^srdi mfo 

BmiogiM Eff^ of EmiromnM^ Cen^nmanU ^ Rocky, Moimiam ArwyU Qanumry 1977; - ' ^ 
10 'pp.) and F^mju-up StaimiM of the ^snutiee (September 1977; 5 pp.) (available 
^ from KTIS; AD AO 45812 and AD AO 45813, TOpectively; $4,00 paper eachp $3.00 
aucrofithe ei€h.) ^ ' * ^ 

of'M^Mi Csrefor Amerkom Vd^rms! Report to Gommitt^ on Vet^mns^'Affai]^ U.S. 
Senate. (Gommittec on Health-^re R^utot in the Vetemni Acbninko^don; 
Cmminee Print, 95th.CongM 1st Jime 7, 197'7, 324 pp.; U.i, Gdvemm^t 
Wnting Office, Washington/D.a; Stock No. 052-07^ 

Swmmiy R^orV Drinkmg Water and Health. (Safe Drinking Water Committee; 98 pp.i 
avmilable from Office of Public Affairs, U.S. Environmental Protecdon Agency; 
Washington, D.Q 20460.) ^ , I , 

Swrmmf^ R^ort Mmpower in Basic Neuroiogic and Cammmicative Sciencis: ffamt Statis imd ^ 
Fufytre Needs. (Committee on T^chinf/R^arch Man^^er in Basic ^ 

Neurologic and ^mmunicative Science; publish^ ^ in ExpmmenUd Neuroio^j 
November 1977.) » : . . ^ 

S^posim on Impact of Infection on Nutnttonai Status of the Host^ (Subcoimmttee on . 
Intermctiojis of Nutridon and Infections, ^mmittee on Internadon^ Nutrition 
Prt^mms, Food and Nutrition Board; 363 pp.; reprint from Ammcesi Jcmryod of ' ^ 
C/miVW M^nhin, Vol. 30, August " ' 

Tistmg for D^endence Ltabdity of Stimtdants ai^ Depressants m Antmals and Man. (Conunittee 
on Problems of Drug Dependence; Bulletin on Narcoties, Janua^-Mar^h 1977; 
reprints available from the a«mbly.) 

ASSEMBLY OF MATHEMATICAL AND PHYSICAL SCIENCES 

Assessment of the Current Status of the Nuclear Data Compilatton Effort, (letter report. Ad Hog 

Panel on Basic Nuclear Data Compilations;^^ Cominittee on Nuclear &ience; . 29 d 
available from the committee,) 

Abnosphmc Research and Development Program in the Natimai Oceanic and A^tmspheric 
Administration. (Storing Committee and Review Panels for the noaa Attnospheric 
R^earch and Developmeht Program, Committee on Atmospheric Science; 
available from the committee; limited supply,) 



293 



124 s^^i^le bom Mnd^ and Publi^i^ (^Dee, .Nadoul ^^dm^ df 

FL, 8^12 DmUbiT 1975, (Oteu Sd^m Bo^; 351 avdUUe tarn tte %wd- 
pipply Imit^^) 

Qm^, CAnstk OAgi^ mul Wa^ St^fy m G^ffysm]. (fw4 ta W«£ mod 

Oimate,' G^^^^oi . Study Gonamitm, G^phydei RMsn^ BMrd; 141 pp.; 
^ m\^mbl€ frQin raatiiig ud Publishing MBoe, Nadonal A^demy of Uencei; HBN 

Canmmis o/ thiJMS^^ Uu.fki^ Noim of ^^^^ Fitnm^ 3, 1977. (Gsn^Me on Radio 
. Fr^uand^; mvailabte from the commitm.) 

XkmpuW^ Sdm^i C^^^ogmpfy. Pmceit^^s of n i^^^mni on A^imtion of Qffmi 
AdBBtwes m Cm^j^Uir Sneme to C^st^ograpty, (Gommittee w Gheiiiical Gr^tall^fm^ 
phyr^£iaC^<^^|n^i^i€ai^etion Aj^ml^ / 

^Hh Sdma Inueitig^ims m thg UHtM AMntie Rgsm^ PfOg r m i (USARP) fir thi 
Pmod jufy I, I97&-Jm30, 1977 (Polar Search B^d; 56 pp.; a^^aUe hm the 
beard.) * 

Ener^ and Climaii [S^^^s m d^fysics], ^ (Panel on Eh^gy and Oimate; Geoph)^^ 
Study Committ^, O^physi^ Rj^earch Board; 153 pp.; availabla from Prindng and 
Publishing Office, National Acadenty of Sciena^riSlH 0-30W)2636-9i $9,500 

EnvimffmUsl Mmitgmng [Vol. IV of ^nalytml Sti/^a fir ffe US- ^wmmmdsl FrUMm 
Agmcy\, (Joint project ^Gommittae on Natiorial Statisli<^ and Num^^ I^ta 
Advisory Boards Assembly of Math^nati^ and Phy^oU Sdcnc^; and Environ^ 
mental Studio Boards Gommi^on on Natural R^ourc^; 194 pp,; a\^ulable from 
Printing and Publishing Office, National Ac^raypf Sdcnc^; ISBN 0-309-02639-3; 
S7J50 

EstuaniSj Geophysics j' md the Enviromnini [Stt^ies m Ge^fysics]^ (Panel on GeopHyu^ of 

Estuari^j Geophysics Study Committ^, Gepphyri^ R^eareh Board; 137 pp.; 

available from Printing and Publishing OfflcCi National Academy of SdenOTj ISIN 

0^309-02629-6; W.SO.) 
An Evaiuaiim of Amic Pmgrmns Supported the Natiomi Scimce Fotm^im. (Polar R@e^rch 

Board, VoL 1 ; 141 pp,; available from the board; supply limited,) 
An Evaiuaiive R^rt on the Experimental Technolo^ Incentives Program: NaHonai Bureau of 

Standards ^Fiscal Year 1976. (Evalua^on Panels for the National Bureau of Stimdards; 

available from the Evaluation Panels for the National Bureau of Standards.) 
An Evaiuatiue Report on the Institute for Applied Technob^: National Burmu ofS^ic^r^ — Fiscal 

Year 1976. (Evaluation Panels for the National Bureau of Standard; 41 pp.; 

available from Eval^flUfT Panels for the National Bureau of Standards.) 
An Emiuatwe Report m the Imtitute for Basic Standards: Naiumal Bureau of Skmdards^ Fiscal 

Year 1976. (Evaluation Panels for the National Bureau of Standards; 85 ppt; 

available from Evaluation Panels for the Natidnal Bureau of Standards.) 



¥§» 1976. (Evmluii^ra for the NmtioG^ Burteu of Sumdai^; mvmilEble frte 

Am F^whstwi R^m m.t^ N^^ B^m of Sta^afds—FM Ym 1975, (Evmlumdon 
Ftaeb fc^ the Nadmal Bumu ^ Bmndardii 19 pp.pa^^iUble^^m Evdumtion 

V Ptodi for the Natim^Bumu^ Standards.) « ^ 

An ^skiO^ B^Gft m the Offi^ of Stmdsfd Rifm^ N^nal of ^m^^^ 

Fmal Yisr 1976. {%^\mim Panels for the National Bureau of Stmnda^; a%^labie 
from thi £i4lumtim Paneb for the^Natioaal Bureau of S^dar^) 

An &ah»s^ R^Qft m ihi Ojffm ofStanda^Rifmwe Data: N^iai Bmim of Strndardi^ 
Fimi Yiar 1977, (Evaluation Pa^s for the National Bur^u of Standiu^; 9 pp.; 
availi^ frDm Evaluation Panels for the National Bur^u of Stimdar^.) 

E&t^i^m of Kmitics> Pt^oce^ings of a ^mpodum o^ni^ed by the America Gh^ni^ 
iodeqr and the Qmmitm m Kinedci oi Chcmuaa R^^o^ ApA 6/ 1976. ^ 
(Ameriw ChOTiad Society, Dep^ment AP; four audio ^^tte, 135,001) 

Fwme of hhtdm Sdmci, (Goinmittoe on Nudw Science; 119 pp,; available from the 
cMnmittee.) 

Gmhmist^ mtd thg Emimmtmt. Volume Ilr 7^ Rikium of Otim Sde^ Trm EUmmts to 
Health Dismi, (Subconimitt^ on the &^hemi^ Environment in Relation to 
Health and Dm^mm, U.S. National Committee for Geochenus^; 174 pp.; av^able 
from Printing md Publishing Offl^, National A^emy of Sd^m; ISIN 0-309- 
02548-6; $4Sm) , ^' 

Gfo^mmm FrojectHMS, Progress Report. 1977. U.S. Geodynami^ Committ^, G^phyii<^ 
Research Boarf yfl 09 pp. ; Available from the board ) 

Giobai Earthqua^jmonitmiig: Its Uses, Potmtids, and Si^pm ReqmrmMs. (Panel on- 
Seismpgraph iVetworkSj Committee on Seismology ; 86 pp.; available fnm Printing 
ind PuWisyng Office, National Academy of Science; ISBHO 309-026^-3; $6,25.) 

Guidelints f^ Arctic Research Program Pimning. (Polar R«arch Board; available from the 
board,) 

Histmcai Bihiiography of ^ Mine Warfare. (Mine Adviso^ Committ^, how Naval 
Studio Board; 144 pp,; available from the board; Supply limited.) 

Karst Hydroi00f: Proce^mgs ofthe 12th lAH Cmgress. (U.S. Committae for die International 
Asociation of Hydrogeolofists, U.S. National Committee on G^lo^; J. S. Tol^n 
and F. Li Doyle, Editors; University of Alabama Pr«, Huntsvilles /Uabama.) 

Lmitattons of Rock Mechanics in the Recoup and Developmmt of Ener^. (Panel on Reck 
Mechanic Problcmi that Limit Energy R^urce Recovciy'^d Development, UJ. 
National Committee for Rock Mechanics; available from the cominittee,) 

Needs and Opportmiiies for ths Natiomi Resource for Computaiion in Chmisty (NRCC). (Report " 
of a Workshop, Woods Hole, M^nchu^tte, July 13-16, 1976; Planning Committee 
for a National R^urce for Computation in Chemistry; available from the Office of 
Chemistiy and Chemical Technology.) 



APPINDIX B 



\ « MMfim R^mr^ m Condms^ MaUir: A of FmIMms M^itijk O^&i^mi^ m 

IMUd Si^f. (Panel on Rwarch Famftd^ and Scientific ^^poftunitt^ in the Use of 
Low-En^gy Neutrons, Solid State Sdenc^ Ganmtttee; a^ilaUe ftm the 
/ Gomnuttee.) ' ' 

Pirmafivst R^mju^ (Gonuaitt^ on Pcnnmfn^ Polar« R^ear^ Board; Tray Pewe, 

^itmm, October 1977.J 
Hm for US ^PamHpi^m m the Mmstm E^^rmmt (MONE^. (UJ. Gpmnuttee lor the 
^ Global AnnGipheric R^earch' Progmm; 132 pp.; a^ilable froin the oDmnuttee; 

wpply linnit^.) 

F^mmg and Mmagemmt of Major A^mspimk Rismch ^Pregrmu. ((ittnmittee on 

Atmoipheric'Sdenc^; 45 pp.; available from the committee; supply limited.; 
P&st^Vik^ BioiogUai Jfwesugaiims of Mars. (Gommitt^ on Plaoe^ry Bmlogy and 

Chemieal Evolution, Spa^ ^|ence Board; 26 pp.; available from the S^oe Science 

Board; aipply limit^.) j ^ 

Frici^ings of the Fmtrth Sym^ntm on Sta^ties md Emimmm^ Mofdi 1976^ 

Wmhingkm^ AC (Spom^r^ by American Stadstical A^odationj ^tmcan Society 

for Quality Control^ and nrc ^mmittee on National Statiiti^ and G^imittee on 

Toxicology; 130 pp.; available from American Statiitical AMdation, 806 Fifteenth 
- Street, N.W., Washington, D=G. 20005; $10,00; $6.00 for mOTben of the i^ai^ 

Statistical A^ociation.) 
The Quality of NOAA^s (NoHoml Ocmnk A&no^heru AdnwUsMtim] O^m Rismrch md 
I Dm>elopment Program^ An Emlmtion. (NOAA Ocean R&D Review Steeririg Gommitt^, 

^ Ocean Science Board; 150 pp,; available from the board; iupply limited.) 
Hgdiochmistiy of Bismuth. (Subcommittee on Radiothemistry, Gommitt^ oh Nuclear 

Science; available from the committee.) * 
R^ioehemisty of Iodine. (Subcommittee on Radiochemistryi Committ^ on Nuclear 

Scien^; available from the committee,) 
Recoffmend^ions in the ERDA A^omagnetic Surv^. (u,s. G^dynamii Gommittee# 

Geophysics R^^rch ^ard; available from the toard.) 
RecomnendMions of thei U.S, Geo^namics Cofrmtttee. (u.s, Geodynamics Committee, 

Geophysi^ R^earch Board; available from the b^id/) \ 
Reply Comments of the NAS io Third Notice of Inqm^^ March 4^ 1977. (Committee oti Radio 

H^uencitt; available from the TOmmittee.) 
Repfy Comments to the NAS Third Notice of Inqui^, March 29, 1977 (Gommittee on Radig 

Frequenci^; available from the committee.) , < 

Report and Conclusions of ihe Stormfu^ Advisory Pcmel Meeting, September 15-16, 1977. (Letter 
ggg report. Stormfury Advisory Panels Committee on Atmospheric Science; available 

» from the committee; supply limited.) 

Report on Priorities. (U.S. Geodynami^ Committal Geophysira R«arch foard; 

available from the board.) ^ 
Report on Selected Issues of the IDOE (Intemational Decade of Ocmn Exploratim) Program of the 

National Science Fomdation. (Ad Hoc Panel to Review the IDOE Program, Ocean 
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^deom Board, in aoopmdoa with the Marine Bovd of the AMmbly of 
Eofitiemng; a^^ilmbIe^%om the Oeeu Menra Board ud the Marin^Bmud.) 

R^ort m Vf^^ Af^sr^ Rgsmreh Astimtim Fe^m^ I976--Oaobir 1977; Umisd ^aUs 
Amr^ ResmA AMm ^sud ^ Omber I977'-S^^mbir 1978. Ripm No. 19 ta 
Sem^fir Con^^^^ m AjUarM Rumnh (SCAR) fof the Inimiational Cmmttl of ^imtific 
UnwnsJ. (P^ar Rmw^ Board; 82 pp. ; avaU^le hom the b^ird, ) ; 

Rmiw m "Propas^ NASA Cmmbutim to th£ ClamU PmgrimL" iMir R^ort, 30 ^^^bgr 
1977, (Ad Hgc Coordinating Committ^ for the nasa Climate F^t»gmii; available 
from'the Space Sdenee &^d.) ' 

SCAR /Smi^fic Coprnt^^ m Af^retic Ressarch^ of ^ Intm^^al ComcU of Samiific 
UfmmJ/SCORfSciefitific CcrmtiMee m Oemic Rgsearcf^ of the IrUmiaHonai ComwU of 
S£iintific UmmsJ/ Group m M# Lwmg^Resourees of the ^sUmn Oam (SCOR Wi^mig iQrot^ « 
54): Repm of a Meeti^ Meld at Wooh Hole, USA, 23-24 August 1976. (PoW R^earch 
Bosri; M^Ai^Jailiimry 19770 

Sctmce mid FutiU Ns^: A^ S^posmn, Naval Studio Board and Office of Na^^ 
R^^Mh; available frpm ^e Naval Studio Board,) ^^-^^ 

iSip^# Skmns: RredMen, Ddeetim^ md Wammg. (Pan^l on Short-Range Fraction and 
Panel on Severe Stomn, Gommiltae on Atmoipheric ^ien^; 87 pp.; available firpm 
Prindng and Publishing Office, ^tional Academy of Scien»; ISBN 0-309-02613-5^^ 
$6,50.) - ^ 7 

Some NojdqI Is^s md Of^ons in Crisis Mmiagement. ^ffmm^^ (Na^l Studio 

Board; clMiflsJ.) ^ y ■ 

Some Naval Ismis and Options in Crisis Management. (Naval Studio Boatd; claMifled,) 

Spedjuations and Crit^ia for Btochmiicai Compomids, Supplemmt Bwgmic Amines and Related 
Qmpotm^, (Committee on Speciflcatiom and Criteria for Biochemi^ Compoundi; 
20 pp.; available from Printing and Publiahiiif Qffl^f National Academy of 
SdenOT; fSl^^ 0-309-02601-6; $4^.00.) 

The Trammg and Distribution of PkD's in Msteorolo^. (Francis P, BretheTton, Chairman, Ad 
Hoc Smdy Group on Education and Manpowerj Committee on - Atmoipheric 
Science; BuU^m of^ the Ammian Miteorglogical ^de^, VoL 58, No, 3, pp. 230-232. 

Trends and Off^ortunities in Seismol^. Workshop report, (^mmittee on ^Seismology; 169 
«pp.; available from Printing a^^blishing Offi^, National Academy of Scien«; 
ISIN 0-309-02612-1 ; $6,75 j 

Tlie Upper A^ospfme and Magnelosph^e [Sti^ies in Geophysics]. (G^physi^ Study 

Committ^j Geophysics R«arch Board; jf68 pp.; available from Printing and ^ 
Publishing Office, National Academy of Science; ISIN 0-309-02633-4; $10,00.) 

us! pogroms Research Drainage Basins— An Intmm Assessment. (Work Group on 299 
Repr^ntative and Experimental B^ins, u,s. National Committee for the 
International Hydrological Decade; 64 pp.; available from Nns; PB 263 589; $4,50 
pa^r, $3,00 microfiche,) 

Volume of AbstractSj Third Sympasium on Antarctic Geolo^ and Geophysics^ 22^27 August 1977. 
(Polar R^earch Board; available from ihe toard.) 
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COlhOaSSldN ON HUMi^iN RISOURCES * ^ 

^mr AM^mmas of NDM (TuU IV) FiUrnvs of 1959-1973: A Riport US OJ^ of 
Ed uc adgf L (Lin^ey R. Hannon; 50 pp.; avmilable kom the R^w^ Offlee; supply 

^ - Camr AciummmUs of NSF (Notimud Smmce Fomdatim) Gre^uidi Fetims: The A^md^ of 
1952^1972. (Lin^ey R, Hannon; 70 pp.; availabla from the R^wt:h Office; mpply 

Mm^Mer for Efmrmmmod PoUuHm ^CofOml [Voi. V of Amlytimi S^^ss for ihi US 
Enmrmnemel Fro^fim Agm^], (Comniittee for the Study of Environmantal 
Manpower; 427 pp,; available from Printing mA FuUishing^'''^^4^, National 
Acadeniy ^^en^; ISIN 0'309-02634-2; SI l [ 
PmmmdNtmmd Tr^Mig pt Bimr^^d md BJm^md B^m^ 1977 R^msV^^ U Vd. 
2i Appmdixis. (Committee oh a Study of National Ne^ for Bimiedical and 
Behavioiml R^earch Peraonnal; Vol. 1^ 250 pp.; Vol. 2, 207 pp.; mvailabie from the ' 
^mmittee; lupply limits,) ^ 
Swmmf^ Ripoft 1976: Doctorats RmpwUs firm Umud Unwirsiti£s> (Board on Hi^man^ 
^ R^um Data and Anal)^; 28 pp.; available from the Hunmn Rmmmm S^mm 

Offite; ^pply linuted,) % J 

Wmrm snd Mmo^ PkD's in I970^s: A Dm SooJIl (Dorothy M . Gi^td '^d Joan 
Snyder; 188 pp.; available frDm the Human R^urc^ Studio Opce; $8.50;' iupply 
limited.) ^ ^ * " ^ 
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CONMSSION ON INTERNATIONAL RELATIONS * ' 

= — Approfm^ T^^knoiogiis for DivilQpmg Cmmtrus. (Board on Technoli^y for Intemadonal 

Development; 153 pp.; available from Printing and Publishing ^Office, National 
Academy of Scien^; ISBN 0-309-02602-4; $6.25; Itm to r^u^teii'from developing 
countri^ upon requ^t to the boanl.) 
Expansim risources m i(m ^ns Us zmes arides: Ticfmiquss prorne^usis it possibUiks de 
\ reehirches. Translations More Wai^' for Arid Lcmds: Promising Tecknologiis and Resiarch 

^ ^^rtmiiiis, (Board on Science and T^hnology for Jntemadonal ^velopment; 155 

pp.; available from Office of Sdenoe and Teehnolc^^^ Development ^pport 
Bureau, A^ncy for Intemadonal Development, \^ashingtonj D,C. 20523,) 
EMpioraio^ Workshop in Marine Ticlmkal Assis^Ci in M-^df of Mmico — Csribbim Rkgim. A 
staff report. (0<»an Policy Committee; 72 pp.; available f^m the comnoittee; lupply 
300 limited.) / 

Gudyule: An AlUrmdive Source of NaUiral Rubb^^omt itudy^Board on Agriculture and 
Renewable R^urra^ Commi^ion on Natural R^urci; and Advisoiy Ckimmitt^ 
on Technology Innovation, Board on Scien^ and T^hnology for Intemational 
^^velopment; 91 pp.; available from NTIS; PB'264 170; $6.00 paper, 13.00 
, tnicroflche; limited supply of free copi^ available to r^uwers from developing 
countri^ upon requ^t to the foard on Science and Technology for Intemational 
Development.) 



hsm CmM m ths P§gp^s ^RipMk of C^m, A mp repoit. ^CPRC R^^rt No. 2. 
(Commitm on Sdol^ly Gominunication with the People*! Republic of China; 218 
pp.; avmUiAle from Fainting and ^bliihing Office, National A^idemy of Sd^c^; 
0^3re^254; II 1 .25.) ^ 

Lmmma: Fmmmg Fgmgi.mid Tut Qnp J&t ihi Twpks. (Bc^Fd oii S^enee an^ T^hnol^y 
to^ Intarutional Devdopment; 1^ pp.; available from mil;, PB 268 124; 1*^9 
paper; $3.00 microfiche; limits supply of copi^ avaiUble to r^u«teii h^m 
developing counts upon r^u^t to the board^ ^ \ 

Thi MomM SMiHfi§ R^mrch Issm m thi Law a ^ Si^^ Nige^^am- (Oc^n Poli^ 
G^nmittee; 14 pp.; av^lable from the ^mmitreef^pply limits.) 

Omi Cm^nmpiwis md Stmid Chmist^^ Pm^'s Ripublw of Chma. A oip report, 
C^CPRC Report No. 5. (COTimittee on Scholarly Communicadon with Pasple's 
^ Riipublic of China; 99 pp.; available torn Printing and Publiihing Offloe/ National 

P^iommpok^ in thi PeopU's Rt^lic of Cw&.^-h trip report. ^CTRC Report No. 4. 
(GommttteQ on Scholarly (^mmuni^tion \^th the P^ple'S Republic of China; 185 
pp.; avaDi^le from Printing and Publishing Office^ Nado^il Academy of SdenM; 
ISSN 0-309^2620-2; $10.00.) . * 

PiT^tctw^ ^ ta.Richirchi Agrmwmiqiu m Afngta. Timnsl%don: Afntm Agria^ml Rgseauh 
Capabiiitiis, Qoint Study— Board on Agriculture and Renewable R^ourc^j Commis^ 
don on Natural R^ourc^; and Board on Sciance and Technol^y for International 
Development^ Commimion on IfCfemational Reladons; 239 pp.; limited supply of^ 
/^hm copi^ of translation availaole to requ^ters from developing eounti^ upon ^ 
requM^ to the Bc^rd on Science and TTOhnol^^ for Intemationai Developmenti) 
Prm&ciim of the Hakhmg Eanhqu^> By trie Haicheng ^irthquake Del^^tibn, 
(Committee on Scholarly Communicadon with the People" s Reptiblic of China; 
EOS: Afhsfuon Gtopkj^sU^l Union Tfomwtiom^ May 197 J.) 
Pun ami Af^ied Mi^henumcs in the Peopk's Re^blic of China. A trip report, CSCPRC Report 
No. 3. (Committee on Scholarly Coftmiunicadoh with the People's Republic of 
China; J 25 pp,; available from Printing and Publishing Office, Nation^ Ac^emy of 
*fefcnc^; ISBN 0^309^02609-1 ; $8.25.) 
^ Resource Sensing from Space: Prospects for ^eviioping CowUnh, (Board on Science and 
Technology for International Development; 207 pp.; available from Nns; M 264 
171; $9.25 paper^ $3,00 micrbfic^; limited supply of free copi^ available to 
requ^ters from developing countri^ upon r^u^t to the board,) 
Report of the Ameman Schistosomiasis Delegaiion to the People's Repubiic of China. (Committee 
on Scholarly Communicadon with the People's Republic df China; Ammcm Journal 
of Tropical Medicine and Hygimef May 1977; reprints available from the conmiittee.) ' 
Review of U.S.^U.S.S.Rx Inieracademj^ Exc/umges arid Relations. (BISB Review Panel on 

Scientiflc Exchange; 296 pp,; avail^le from Nns; PB [to be wigned].) 
Review of ^ US/USSR .Agneement m Co^eration in the Fields of Sdence and TechnoloQ^> 
(Review Panel of the us/ussR Agreement on C^peradon in the Fiel^ of Science 
.and Technology J Board on Intemationai Scientiflc Exchange; 117 pp.; available 
from the commi^ion.) 
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Rssml Srimii'^li I^tst^ m PSopU's R^nbik of dhwa. (C^wmitt^ on S^^^i^ 
CommunitttibQ the P^^a's'Ktpublic of Ghinm; 310 pp.; ISBN 0-5^2(d^lMr 
Univeiatyrf California ftw; $16.00.) ^ ^ ^ 

•SfM^* A RmiB^ for ti mWii KM PtrDm^igs* ^i^gmi Amdm^ of SMim Bu 

^mposu^J^^^u^ on Interaational O^^nizationi and Pr^mms;'126 pp.; a^^^aUe 
from the board.) - f ^ ^ ' ,^ 
Si/^er&^ Papirs: WorU Food md Nutntion Siu^, Ko&m I: 'Rmn I, Dt^ ^^sduM^ 
Tmi 2, Animal Pm^setivify^ S&j^ Tmn 3^ A^mtic Food (W<OTld l^gd and 

^ Nutrition ^tuj^ Stairing ^inmitt^; 325 pp^; availabte hem Frinti^ and^ 

PubUihing^^^, Nadonal A^demy of Sdenm; lilN Q^309^264?-4; i6.?5.) 
Svf^mmg Papers: World Food Nmitum Stu^. Vohsmi "II: Tmm 4^ lUmurus for 
*^ Afneuimri; Tmm 5, md ClimaU. (World Food ind Numtion S^dy 

Storing' Gonunitt^; 306 pp.; aviulable hdm-^Mnti^ and PubUshing C^oe, 

NatioflW Acadmy of Sden^hi»HO-30^0272W 

Su^ortmg P^s: Worid Food NuMm Stufy. Vohm lli: Tmi 6, FobdAo^abUi^ io 
Cofuwnm^ Stu^ Tmm 7^ Rural InsitMumf Polumf and,^€ml Scwwe-Rismr^' Siu^ Team 
Si Informatim Systms; SUt^ Tmm 10, IrUirdipm^ncUs, (World Food and Nutition 
Study Steering Gommitt^; 348 pp,; available from Printing and Publi^^ing Office, 
National Academy of Bdenomi ISBN 0^309^02730^; 

SuppoHmg pQpiFs: World Food and Nutriiion S^y. Vohmu IV:^1St^ 7#am 9, N^itio^ 
Tiom 12, Niw Apprmchis to ^^AlleuiaHon of Hmg^, (World Food and I^ttition Study 
Steering Committee;. 172 pp'; available from Mnting and Pubhshing O^cm^ 
National Academy of Science; ISBN 0'309-02727-6; K.00.) . ^ ; 

Suppofting Pap^s: World Food and Ntdriiim SSft^. Volume V: Sm^ Tmm 14, Agrmd^ml 
Research Organi^aiion. (World Food and Nutrition Study Steering Ccttnmittae; ^2 pp.; 
available from Printing and PubHihing Office, National A^demy^of Sdenc^; iBffH 
0^309-0264fr*6; $6M.) ^ ' ^ ^ ^ ^ 

Wheat in the People's Republie of China. A trip report. CSCPRC Report No. 6. (Copmittee on 
Scholarly Communication with the Pmple^s Republic of China; 190/ pp.; a^^faible 
ff;oiii Printing amd Publishing Office, NationaT Acadefny pf Science; ISBN 0-309' 
02637^7; SIO.OO.) ^ -^'^ / 

Worid Food Ad Nutntion Study: TTu Potmtial Conimbutwns of Research. ( World Fc^ and 
Nutrition Study Steerinf Committee; 219 pp/; available from Mndng and 
Publishing Office, NaUonal Academy of Science; ISBN 0-3^-02628^8; $6.75.) 

' < ■ ' ' . ■■, ■ 

COMMISSION ON NATURAL RESOURCES ^ 

Biological Productivify of ^^ewable Resources Used as Indt^trial Materials. (Committee on 
ittn^able rf^ourc^ for Industrial Materiali, &^rd on Agriculture and Renewable 
R^urc^; 104 pp.; available from ims; PB 264^457; $5,500 

Brucelldsis Resedrch: An Evaluation. (Committee on Animal Health, Board on i^ricultiire 
and Renewable R^ourc^; 260 pp.; available from Claude J. Nelson, Animal.and, 
Plant Health Service, U.S. Department of Agriculture, 6505 Balcr^ Road, 
Hyattsville, Md, 20782.) - , 
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CommitUi on Ecological Effects of a Sea Level CamL (Enyironmental Studio B^ard, untitled* 
repSrt to the Dipector, ORtce of Science and Technology Pol Executive Office W 
.th^resident,.ScF^mter 28, 1977; 13 pp»; available from the board; supply limited.) 

Decisim Making in theEnviwmnmtal protection Agm(y[yo\. II of Aml^tcaL Studies f of the U.S. 
5 Environmental. P^ot^twn Agm(^]. (C^ommittee on Envirohmedtal Decision Making; 265 
pp;^ available from Printing and Piiblishing Office, ^^tional Academy of &;ienc^; 
-JSBN 0^309^02627^X4 $8:75.) ' / ^ / ' ' , - 

Decision Making injhf Enyironment^ Protkction Ag^^^ Case Studies [Vol. Ha oi Analykcai 
Studies for the US. Environmental Protection ^i^n^']. .(Prepared for t^e Committee on 

^Environmental Decision Making; 672 pp.; avaUable from, the Environmental 
Studi^ Board; supply limited.) ' .J'^ 

Deasipn Making in the Environmental 'Protection Agen^: Selected Working Pop^s [VpL lib of 
Analytical Studies for the MS. Environmental Protectton Ageng^]. (f rep^ed for 4he 
Committee on . Eftvirorjjnental L^cisibn Making; 444 pp.; available from the 
Environmental Studl^ Board; -supply limited ) 

Effects of a Polluted Ermronment: Research and Development. (Panel on Effects of Ambient 
Environmental Qu^ity, Environmental R^earch Asse^ment Committee; 110 pp,; 
available from th6 'Environmental Studies Board; supply limited.) 

Environmental Impacts of . Resource Management Research and Developmeni Needs, (Panel op 
Environmental Impacts of Resource Manafement, Environmental R^arch 
A^ssment Cogiflftittee; 75 pp,; available from (Bt Environmental Studio Board; 
i supply limited.) 

Extractives as a Renewable Re.wurce fgr Industrial Materials.. (Committee on Renewable 
R^ources for Industrial Materials, Board on Agriculture and Renewable R^urc^; 
^ 68 pp.; available from NTIS; PB 264=459; S430.) ' 
Fates of Pollutants: Research and Development Needs.. (Panel on Fat^ of Pollutants, 
^ Environmental R^earch Asseasnient Committee; 152 pp.; available from the 

'Environmental Studiri Board; supply limited.) 
Fibers as Renewable Resources for IndiMtnal Maierials^ (CoMnittee on Renewable Resources 
for Industrial Materials, Board on Agriculture and Renewable Roourc^; 283 pp.; 
available from mm; PB 264^561 ; 89.00,) 
^Implications of Environmental Regulations for Energy Production and Conswnptwn [Vol. VI of 
A'nalytical Studies for the U.S.. Environmental Protection Agen^], (Committee on Energy and 
the Environment; 249 pp.; available from Printing and Publishing Office, National 
^ /Academy of Sciences; ISBN 0^309=02632^6; $8.25.) 

Jojoba: Feasibiii 'ty for Cultivatton on Indian Reservalwns m the Sonoran Deseri Region. (Comniittee 
on Jojoba Production Systems Potential, Board on Agriculture and Renewable 
Resources, 71 pp.; available from Printing and Publishing Office, National 
Academy of Sciences; ISBN 0^309=02618^0; S6.250 

Letter Report to the Secreta^' of Agru^ture on, the Establishment of a Committee of Saentists as 
Specified m the National Forest Management Act of 1976 (Board on Agriculture and 
Renewable Resources: 29 pp ; available fruin the board; supply limited.) 
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304 



Microwave Remote Sensing from Space for Esrth Resource Surv^s. (Committee on Remote 
Sensing Proframs for Earth R^t^ce Surveys; 139 pp-; availabk from Space 
• Applications Board or from NTjg^RC/GORSPERS^77/l ; $7.25 paper, $3.00 
microfiche,) 

Nulnmt Requiremmi^ of Pouil^j^ Sevci 
Domestic Ammais]. (Subcommittee 
NutTition, Board on Agriculture a 
Prirrfmf andlPublishing Office, N 

Nutrient Requirements of Rabbits, Second revised edition, 1977 [MiMrient Requiremmts of 
Domestic AnimalsY (Subjcommittee on Rabbit Nutrition^ Committee on Animal 
NiflriMon, Board on'Agricutfure and Rei^ewable R^urcee; 35 pp ; Available from 
Pr|nting and Publiihing Office, National A'tademy ^Sciences; ISBN 0-309-D2607-5; 
3^,50.) ' /. 

Nutnerit Requirements of Wamwat-er 'Fishes ^Muinent Requirements of Domestic Animab]. 
(Subcommittee on Nutrient Requirements of Warftiwater Fishj Committee on 
Animal Nutrition, Board on Agriculture and Renewable R^ourc^; 78 pp.; 
available from Printing and Publishing Office, National Academy of Science; ISBN 
0^309-02616^4; $7/25.) ; ' ^ 

Opportunities for Increasing Natural Gas Production in the Near Term. Volume \ \ The Tiger, Shoai 
Field, (Committee on Gas Production Opportunities; 25 pp. plus appendix^; 
available from Office of Public Affairs, U.S. Department of the Interior,) 

Opportunities for Increasing Natural Gas Production in the Near Term, .Volume 11 \' East Cameron 
Block 64 Field. (Committee on Gas Production Opportuniti^; 25 pp. plus appendix^; 
available from NTIS,) * 

Opportunities for Increasing I^tural Gas Production m the Near ierm. Volume III: Eugene Island 
Block 266 VniL (Committee on Lias Production Opportunities; 24 pp. plus 
appendixes; ^ailable from AiS,)/ ' ^ ^ 

Perspectives on Technical Information for Environmental Protection [Vol. I in Analytical Studies for 
the U.S. Environmental Protecitgn Agen^]. (Commission on Naturar Rteourc^ and 
Steermg Committee for Analytical Studio for the u.s,i*EnvironmentaI Protection 
Agency; 121 pp.; available from" Printing and Publishing Office, National Academy 
of Science; ISBN 0^309^02623=7; $6.25.) 

The Potential of Lignocellulosic Afatenals for the Production of Chemicals j FuelSj and Energy, 
(Committee on Renewable Resources for Industrial Materials, Board on Agriculture 
and Renewable Resource; 91 pp,; available from NTiS; PB 264=458; $5,00.) 

Reference Maierials System: A Source for Renewable Materials Assessment, (Committee on 
Renewable Resources for Industrial Materials, Board on Agriculture and Renewable 
^ Resources; 02 pp.; available from NTIS; PB 264-494; $5 ;00,) 

Renewable Resources for Structural and Architectural Purposes, (Committee on Renewable 
Resources for Industrial MaterialSj Board on Agriculture and Renewable R^ourceS; 
197 pp.; available from NTIS; PB 264-538; $7:50,) ^ ^ 
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Report' of the Ad Hoc Dioxin Advisory Group. (Board on Agriculture and Renewable 
• R^ourc^; 61 pp.; available from the board; supply limited.) ^ 

Research and Developrnmi m the Environmental Protectwn Agen^ [ VoL HI of Analytical Studies for^ 
the U.S. Environmental Protection Agen^], (Environoiental Research A^^ment 
Committee and Environmental Studies Board; 1 1 1 pp.; av^Iable from Printing and 
Publishing Office, National AcademyMBciences; ISBN 0^309^0261 7-2; $7,00.) 

Sources, of Residuals and Techniques for Iheir Control: Research and Development Needs. (Panel on > 
Sources and Control Technique, Environmental Research A^toment Committee; 
69 pp.; available from the Environmental Studies Board; supply limited,) 



COlVtMlSSlON ON SOCIOTECHNICAL SYSTEMt 1 

Axcessibilify: An Approach to the Development of Design Cntena and Applicable Design Solutions. 

(Building Re^arch Advisory Board; transmitted to ArchiieciurAl and Transporta- 
tion Barrier Compliance Board, December 19^ 1977.) 
Activities Report (I July 1976-30 September 1977). ABMPS Report No. 78. (Acivisory Board 

on Military Ferso^e! Supplies; 9 pp.; available from the toard.). 
Assessment of Advanced Technology for the Direct Combustion offoaL (Committee on Proc^ing 

and Utilization of Fc^sil Fuels; 90 pp.; available from ntis; doe Report No, FE1216- 

1 ; $6.00 paper, $3,50 microfiche.) 
Assessment of Low- and Intermediate- BTU Gasificatiqn of Coai (Committee on Proc^ing and 

Utilization of Fossil Fuels; 1 14 pp.; available from NTIS; DOE Report No. FE1216-4; 

$6.50 paper, $3.00 microfiche.) 
Assesmeni of Technolo^ for the Liquefaction of Coai (Cbnimittee on ProcKsing and 
^ Utilization of Fossil Fuels; 165 pp.; avanable from NTlS; DOE Report No. FE 1216-3; 

$8.00 paper, $3.00 microfiche.) 
Assessment of Technob^ for the Liquefaction of Coal: Smnma^. (Committee on Proc^ing and 

Utilization of Fossil Fuels; 44 pp.; available from NTIS; DOE Report No. FE1216-1; 

$4.50 paper^fMO microfiche.) 
Buildtng-Skill/Carier Training . and.jPevehpnmU, Report on Phase I. (Building R^arch 

Advisory Board; transmittedf^i the Wieh|pldt Foundation and Chicago United, 

October 14, 1977; not published.) ; . 

Catalog of Selected NMAB Reports (NMAB-7-C).. (National Materials Advisory Board; 42 

pp.; available from the toard; supply limited.) 
Characteruatwn of Organic ' Poiymers (NMAB=332). (National Materials Advisory Board; 

available from the board; supply limited.) , 
Collection, Reduction, and fHsposnl of Solid Waste in f]fgh'Rise Multifamtly Dwellings: Final 

Report. (Building Research Advisory Board; available from NTIS; PB 266-107; paper- 

$9.95, microfiche $3.00.) 
Committee on Cereal and General Products. ABMPS Repxirt No. 82. (Advisory Board on \ 

Military Pereonnel Supplios; 13 pp.; available from the board.) 
Committee on Food Service Equipment. ABMPS Report No. 93. (Advisory Board on Military 

Personnel Supplies; 12 pp.; available from the board.) 



f 

303 



.V 



APPENDIX B 



CommiUee on Food Service Systems. ABMPi Report No. 80. (Advisory Board on Military 

Personnel Supplies; available from tji bo^rd,) 
Commtttee on Fruit and Vegetable Prodium. ABMPS Report)^ No. 79, (Advisory Board'*^ on 

Military Pcr^nnel Supplies; avail^bte frpm the board.) 
Committee on Micwbiolofy of Food. ABMPS Keport No. 77. (Advisory ^B^d on Military 

Personnel Supplies; 26 pp.; available from the board.) 
Commtttee on Packaging. ABMPS Report No. 84. (Advi«>ry Board on Military Personnel 

Supplies; available from^the board.) 
Committee on Pollution Abatement and Resources Recove^. ABMPS Report No. 81. (Advisory 

Board on Military Personnel Supplies; 9 pp.; available from, the board.) 
Control of Fretting Fatigue (NMAB=333)/ (Rational Materiah Advi^ry Board; 90 pp.r 

available from NTIS; 80-A-0444j^2: $&:(K) paper, $3.00 microfiche.) 
Digest of Literature on Dielectrics, piltme 38, 1974. (Committee on Dig^t of Literature,' 
Conference on Electric-al Insulation and Dielectric Phenomena; 720 pp.; available 
from Printing and Publi^ing Office, National Academy of Science; ISB N 0^ 09- 
02643^1; S40.00.X ^ ' 

Directory of Computer Programs of Federal Construction Agencies. (Building R^arch Advisory 
^ Board; available without charge to government agenci^ only.) ' 

Erosion^ Control and Ener^ Systems {Nmfi^^iM). (National Materials Advisory Board; 

available from the board; supply limited.) 
Fire Detection for Life Safety.. PrcK;eedinp of a symposium, (Committee on Fire R^arch^ 
245 pp.; available from Printing and Publiihing Office, National Academy of 
Sciences; ISBN 0^309=02600^8; -$7.75.) 
Fire Research Abstracts and Reviews^ Volume 1 6k (Comiiiittee on Fire R^earch; 291 pp,; 

available from the committee; supply limited.) 
Fire Safety Aspects of Polymeric Materials. VoL I: A/a^^n^^(National Materials Advisory 
Board; available from Technomic Publishing Company, 263 P^t Road West, 
Westport, Conn. 06880; SI 5.00.) ^ 
Fife Safety Aspects of Polymeric Materials-. VoL 6: Aircraft— Civil 'an4 Militaiy. (^tional 
Materials Advisory Board; available from Technomic Publishing Company, 265 
Post Road West, Westport, Conn. 06880; $20.TO.) 
Handbook on Solid, Waste Management in Buildings. (Building R^arch Advisory Board; = 
available from ntis; PB 266 106; paper $7.50, microfiche 83.00.) 
, The Honolulu, Hawaii, Earthqimke. (Committee oh Natural Disaatei^; 79 pp.; available 
from the committee.) ' 
Implementation Plan for an Air Transportcztion Rmarch Information Service: Final Report. 
50(> (Transpcirtation Research Board; 129 pp.; FAA-ENh77-14; available froni the 

Department of^Transportation.) 
Improving the Cost Effectivmess of Nondestructive Testing (NMAB-337). (National Materials 

Advisory Board; av^lable from, the board; supply limited.) ' 
Matertais of Construction for Shipboard Waste Incinerators (NMAB-334). (Committee on 
Materials of Construction for Shipyard Incinerators, National Materi^ Advisory 
Board; 267 pp.; available from Printing and Publishing Office, National Academy of 
, ScieQces; ISBN 0=309=02606=7; S8.75.) " . 
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Matmals and Process Specifications and Suindards {NMAB-330). (Cornmittee on Materials 
Spccificati<5Tis, Testing Meth<^^, and Standards, National Materials Advisory 
Board; 213 pp.; available from Printing and Publishing Office, National Academy of 
Science; isbn 0=309=02731=4; $8.50.) 

Methodology fop daladating Wave Action Effects Aswciaied with Slorm Surges. (Building 
Research Advisory Board; transmitted to Federal Insurance Administration, 
November 29, 1977; available from the board; supply limitfjd.) \ 

Pff limindfy Notes on Structural Darnage Caused by Gmtemala Earthquakes of 4 and 6 Febrmry 

1976. (Committee on Natural Disaster; available from the committee; supply ^ 
limited.) 

Report on United States Delegation Visit to the Soviet Union for the First Meeting of Working Group 

JQM "Building Materials and Components/' (Building Research Advisory Board; 

transmitted to the Pepartment of Housing and Urban Development, February 7, 

.1977; not published.) ^' . 

Resmrch Meeds to Assess the Long-Term Performance of Electrical Insulating Materials and Systems, 

(Conference on Electrical Insulation and Dfelectric Phenomena; 3? pp.; available 

from the conference; supply limited.) 
Review and Recommendations for the Interagency Ship Structure Committee's Fiscal 1978 Rese^^ 

Program. (Ship Research Committee, Maritime Transportation R^earch Board; 100 

pp,; available from NTiS; AD/A-038 751; $5.50 paper, $3.00 microfiche,) 
A Screenmg for Potentially Critical Matenals for the National Stockpile (NMAB-329)= 

(Committee on Technical Aspects of Critical and Strategic Material^ National 

Materials Advisory Board; 69 pp.; available from NTiS; PB 267 214; Sl.50 paper, 

$3,00 microfiche.) 

Stationary Diesel Engines for Use With Generators to Supply Electric Power (Federal 
Construction Technical Report 69). (Building R^earch Advisory Board; available 
^ without charge to government agenci^ only; will be available later from NTIS, 
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1977 Director of the Transportation Research Board.. (420 gp.;'available from the board; ISBN 

0'309-02592^3; $10.00,) " 
Air Sampling, ^miity ControL mtd Concrete [Transj^rtation Research Record 613]. (66 pp.; 

available from the boa^d; ISBN 0^309=02589-3; S3.20.) 
An Approach for Selecting Traffic Control Systems [National Cooperative Highway R^earch 

Program Project 3-18(3)). (367 pp.; available from the board; SlO.OO,) 
Bridge Bearing [National CcKjperative Highway Research Program Synth^is of Highway 

Practice 41]. (62 pp,; available from the board; ISBN 0-309=02542-7; S4.800/ 
Bus Service Pianning. Transportation Research Record 626, (42 pp,; avai^Kl?from the 

board; ISBN 0-30M2651-2; S2.20.) 
Capacity and Aleasurement of Effectweness [Transportation Research Record 615]. (64 pp,; 
, available from the board; isbn 0=309-02591-5; 52.80.) 
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Considerations to Assure Adeqmte Air ^mlity Analysis for Indwidml Highway Sections (Final 
Report). (Transportation Research Board; 8 pp.; available from the board; lupply 
V limited,) 

. pesign of Pile Foundations. National Ckx?perative Highway R^arch Program Synth^is of 
Highway. Practice 42. (68 pp.; available from the board; $4,80,) 
Design of Terminals for Rigid Pavmmts to Control End Movemmts: Siaie of the Art 
[Tran^rtation R^arch Board Sp^ial Report 173]. (19 pp.; available from the 
board; ISBN 0-309-02581=8; $2.20.) 
Future of the National fitghway Safety Program [Transportation R^arch Board Special 

Report 179]. (43 pp.; available from the board; ISBN 0=309-02593-1; $2.20,X 
Highway Noise: A Design Guide for Prediction and Control [National Cooperative Highway 
^ R^earch Program Report 174]. (193 pp.; available from the board; ISBN 0-309- 
02339-7; S9.6O0 ' 

HRJS Abstracts, Volume 10. (Transportation R^arch Board; suteription for 1 year [4 

issues]/$40.00.) ' ^ 

Inland Waterway Reports and Issves [Transportation R^earch Record 620]. (24 pp,; 

available from the board; ISBN 0-309-02599=0; $2.20,) 
Innovations in Transportation System Planning [Tran_sportation R(^arch Record 619]. (48 

pp.; available from the board; isbn 0-309-02598-2; $2J0.) 
Lighting, Visibility, and Railroad'Highway Grade Crossing, Transportation R^arch Record 

628. (56 pp.; available from the tord; ISBN 0-309=02653=9; $2.40,) 
MRIS^ Abstracts, Volume 14. (Transportation R^arch Boar^ subscripdon for 1 year [2 

issues], $50,00.) = ^ ' 

Rad Passenger Sennce in the Northeast Corridor: Planning Issues. A repgrt to the U.S. 

Department of Transportation, Federal Railroad Administration. (Transportation 

Research Board; 8 pp,; available from the board; supply limited.) 
Railroad Electnfication. A bibliography. (Railroad R^earch Information Service; 108 pp.; 

available from the board; s^ply limited.) 
Railroad Technical Doaments Received Jltrough U.S. Btlatml Agreements: Special Bibliography 

[FRA/ORD-77/01]. (Railroad R^arch Information Service; 56 pp,; available 

from the board; $3.00 dom^tic; $3.50 foreign.) 
Rail Transit, Transportadon R^earch Record 627. (28 pp.; available from the board; 

ISBN 0-309-02652=0; $2.20,) 
Rail Transport Research Needs [Transportation R^arch Board Special Report 174]. 

(Committee on the Railroad Research Study; 80 pp.; available from the board; ISBN 

0-309=02586-9; $3,60.) 

308 RRIS Radroad Research Bulletin, Volume 4. (Transportation Research Board; subscription 

for 1 year [2 issues], $25.00.) 
Skidding Accidents: Anctlla^ Papers [Transportation R^arch Record 624]. (150 pp.; 

available from the board; ISBN 0-309=02580-X; $6.40,) 
Skidding Accidents: Pavemeni Charactensiics [Transportation R^arch Recoid 622]. (110 

pp.; available from the board; ISBN 0-309=02375-3; $4.60.) 
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Skidding A cctdenls: Tires ^ Vihides, and Vehicle Compokents [Transportation Research Record 
621], (171 pp.; available from the board; ISBNb'309=02574-5; $7.00.) 

Skidding Accidmts: Wei- Weather Amdent Kxpenence, Hurmn Factors, and Legal Aspects 
[Transportation R«arch Record 623]. (87 pp.; available from the board; ISBN 0^ 
309^02576. f; $3.60.) 

Social and Economic Factors in Transpormtion Planning [Transportation R«earch Record 
617]. (72 pp,;. available from the board; ISBN 0^309^02596=6; $3/20.) 
' Soil Mechanics: RuUing in AsphaU Pavements, Embankments on Varved C%j, ami Foimdations 
[Transportation R^arch Record 616], (110 pp,; available ^-om the board; ISBN 0- 
309^02595-8; $4,40.) 

Special Bibliography. Railroad Technical Documents Received through U.S. Bilateral 

Agreements. (Transportation R^arch Board; 56 pp.; available from the toard; 

$3.00.) ^ 
Staj^g and Management for Social, Economic^ and Environmental Impact Assessments [National 

Cooperative Highway R^arch Program Synth^is of Highway Pracdce 40], (49 

pp,; available from the board; ISBN 0=309^02541^9; $4. W.) 
Tlte State Role m Transit MandgemenL A conference report. (15 pp.; available from the 

board; supply limited,) 
Stuped Tires and Highway Safefy Feasibility of Determining Indirect Benefils [National^ 

Cooperative Highway R^arch Program Report t76]. (42 pp.; available from the 

board; ISBN 0-309=02543^5; $4.00.) 
Transit Planning and Operations. [Transportation Re^scarch Record 625]. (63 pp,; available 

from the board; ISBN 0-309=02650=4; $3.20.) 
Transportation Issues: The Disadvantage^ the Elderly, and Cmen Involvement [ Tranaportation 

Research Record 618]. (58 pp.; available from the toard; ISBN 0-309-02597-4; 

$2.60.) 

Transportation System A/ana^^^^ [Transportation Research Board Special Report 172], 
Proceedings of a conference held November 7-10, 1976, (Program Committee f^ the 
C^nfertnce oA Transportation System Management; 167 pp.; available from the 
board; ISBN 0-3O9-02572-9; $6.80.) 

Tumei Constmction: StaU of the Art and Research Needs [Transportation R^earch Board 
Special Report 171). (32 pp.; available from the board; ISBN 0-309=02559-1; $2.00.) 

Urban Transportation Altemaiives: Evolution of Federal Poli^ [TransF^rtation R^arch Board 
.^-"^^pecial Report 177]. (38 pp.; available from the board; ISBN 0-309=02594-X; $2.00.) 

tjse %f Waste Materials and Soil Stabtlt^ation [Transportation R^arch Record 593], (69 
pp.; available from the board; ISBN 0=309-02562-1 ; $3M ) 



INSTITUTE OF MEUiaNE 

Care of Vie Elderly: Meeting the- Challenge of Dependency^ Proceedinp of a conference held 1 7- 
19 May 1976. (321 pp.; Academic Preas, Inc., London, and Grune & Stratton, Inc., 
New York; ISBN 0=8089-1055=8; 823.00.) 
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The Current Burdm of Illnm in the United States. (An occasional 'j^^per; tJonothy P Rice,^ 
Jacob J. Feldhan, and Kerr L. While; 36 pp.; available frQnj thijhstitUte; supply 
limited.) ^ .v, ' 

Conifmied Tomographic Scanning: A PoU^ Statement. (Committee on CompOted Tomograph- 
ic Scanning; 61 pp.; available from Printing and Plashing Office, National 
Academy of Science; ISBN 0^309-02622^9; 

The Elderly and Functional Dependen^: A Policy Smement. (Ckjmmittee on Care of the 
Elderly; 61 pp.; available from the institute; sU^^i^mited.) , * 

Evaluation of Poliomye litis Vaccines. (Committee for the sSdy of Poliomyejitij- Vaccina; 80 
pp.; available from Xerox UniVerBity Microfilms, Book Department, 30d North Zeeb 
Road, Ann Arbor, Mich. 4810§; order number 2,004,357; SlCdO piper, $6.00 
.^microfilm^) 

Primary Care m Medicine: A Definition. Interim report. (Committee to ^velop an 
Integrated Manpower Policy for Priraary Care; 19 pp,; available from the institute; 
supply limited.) " 

Recommendations for a National Policy on Polwmyeiitis Vaccwation. (Abstract of report by the 
Committee for the Study of Poliomyelitis Vaccina; New England Journal ^Medicine, 
August 4, 1977.) ^ /<*^ v^ ^ 

Reliability of Hospital Discharge Abstracts. Final report of one componcnt*of a' study 
health care quality assurance programs. (126 pp.; available from Printinf and/ 
Publishing Office, National Academy of Sciences; ISBN 0-309-02614-8; $6,25.) 

The 1978 Budgets: Ford, Carter, Congress, Healtk Staff paper by Milton Turen. (39 pp:; 
available from the institute; supply limited.) ' 
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Annml Report of the National Academy of Sciences of the United StaUs of America, 1975^1976. 

(Office of Information; 493 pp.; available from the office; supply limited.) 
Big Biology: The US/IBP [u.s. iBP Synthois Seri^ 7], (u.S, National Committee for the 

International Biological Program; W. Frank Blair; ^wden, Hutchinson 8i Ro^, 

Inc., RO. Box 699, Stroudsburg, Pa. 18360; 272 pp.; isbn 0^87933-7; $14.95.) 
Chile-California Afediterranean Scrub Atlas: A Comparative Analysis [V.S. IBP Synth^lS Seri^ 

2]. (U.S. National Committee for the International Biological Programs; Norman J. 

W. Thrower and David E. Bradbury, cds.; Dowden, Hutchinson & Rm, Inc, P.O, 

Box 699, Stroudsburg, Pa. 18360; 256 pp.; ISBN 0-B7933-9; $25.00.) 
Coal as an Energy Resource: Conflict and Consensus. (Academy Forum; 326 pp.; available 
;|() from Printing and Publishing Office, National Academy of Science; ISBN 0-309- 

02728^4; SI LOO.) 

Convergent Evotution m Chile and California: Mediterranean Climate Ecosystems [U.S. IBP 
Synthesis Series 5]. (^. National Committee for the International Biological 
Program; Harold A. Mfeiey, cd.; Dowden, Hutchinson & Ro^, Inc.; P.O. Box 699, 
Stroudsburg, Pa. 18:360; ^€pp.: isbn 0-87933=4; $18.00.) 
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Convergent Evolution in Warm Deserts: An Examimtinn of Strategies and Patterns in Deserts of 

Argentina and the United States [u,s. IBP Synth^is Seri^ 3]. (u,S. National Committee 

for the International biological Program; Cordon H. Oriam and Otto T, Soibrig, 

e^,; Dowden, Hutchinson & Ro^, Inc., P.O. Box 699, Stroudsburg, Pa. 18360; 352 

pp.1 isbW 0^87933-X; S25.00.) 
Creosote ^BuskiMiology and Chemutiy o/Larrea in New World Deserts [U.S. IBP Synth^is Seri^ 

6]. (U.S. National Committee for the International Biological Program; T. J. 

Mabreyj J- H. Hunzikeri and R. DiFeo, Jr., eds.; Dowden, Hutchinson & Ross, 

Inc,,^P.O. Box 699, Stroudsburg, Pa. 18360; 304 pp.; isbn 0-879334; f24.00.) 
Man the Andes: A MMdisctplinary Study of High- A ltitude Quecha [U.S. !BP Synth^is Serie 

l]/(u\s. National Committee for the Internationa! piological Program; Paul T. • 

Baker and Michael A. Little, eds.; Dowden, Hutchinson & Ro^, Inc., P,0. Box 699, 

Stroudsburg, Pa. l|360; 512 pp.; isbn 0-87933^228=K; S25.TO.) 
Misqmte: Its Bwlo^ in Two Despt Scrub Ecosystems [U.S. IBP Synth^is Scri^ 4]. (u?S. ' 

National Committee for the International Biological Program; B. B. Simp^n, ed,; 
* Dowden, Hutchinson & Rom, Inc., P.O. Box 699, Stroudsburg, Pa. 18360; 288 pp.; . 

ISBN 0^87933^278^6; S22.00.) 
The National Research Council in 1977. (Office of Information; 27 B pp,; avaiiable from the 
\ ^ffice; supply limited.) 
Khgdnizatwn and Members 1977-1978=— National Academy of Sciences, National Academy of 

Engineering, Institute of Medicine, National Research ComciL (Office of Information; 235 

pp.; available from the office.) 
Research with Recombinant DNA\ (Academy Forum; 295 pp.; available from Printing and 

Publishing Office, National Academy of Sciences; ISBN 0^309-02641=5; $8,50.) ^ 
Science: An American Bicentennial Vteu)^ (Academy Forum; 1 15 pp.; available from Printing 

and Publishing Office, National Academy of Science; ISBN 0-309-02630^X; S6.50,) 
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NICOLAAS BLOEMBERGEN, Harvard University, Cambridge, Massachu^tta 

BRYCE CRAWFORD, JR.,* Departmerit of Chemistry, University of Minn^ota^ 

MinneapoMs, Minne^ta 
DAVID R. GODDARD,* National Academy of &:ienc^, Washington, D,C, 
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IRWIN c. GUNSALUS, Biochemistry Department, University of Illinois, Urbana, 

Illinois 
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PHILIP HANDLER,* National Academy of Sciences, Washington, D C. 

A. L. LEHNINGER, School of Medicine, Johns Htpkins University, Baltimore, 

Maryland ^ 
SAUNDERS Mac LANE,* Department of Mathematics, /Upiversity of Chicago, 

Chicago, Illinois ^ 
CLEMENT L. MARKERT, Department of Biology, Yale Univeraity, New Haven, 

Connecticut ^ 
E. R. PiORE,* 1 15 Central Park West, New Y*rk, New York 

HELEN M. RANNEY, Department of Medidne, Univereity of California, San Diego, 
California 

ROBERT M, SOLOW, Massachusetts Institute of/Technology, Cambridge,. Massachu- 
setts 

Di WITT STETTEN, JR., National Institute of Health, Bethesda, Maryland 
FRANK H. WESTHEiMER,* Department of Chemistry, Harvard University, Cam- 
bridge, Massachusetts 

FRANCES E. HIGHTOWER, Secret^Ty^ to the Council 
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ARTHUR M. lUECHE,* General Electric Company, Schenectady, New York 
ROBERT H, CANNON, JR,, Division of Engineering and Applied Science, California 

Institute of Technolofy, Pasadenaj California 
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SAMUEL C. PHILLIPS,* TRW Energy Products Group, Los Angete, California 
WILLIAM E. SHOLrpp,* 343 Maple Avenue, Pittsburgh, Pennsylvania 
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ROBERT M. WHITE, Climate R^arch Board, National R^earch Council, 
Washington, E).G. 

LEILA VON MEISTER, Secretary to the Council 
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